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PAPERS IN AGRICULTURE 


Extract From THE REPORT OF THE SECTION CHAIRMAN 


The program of the Agriculture Section carried twenty-six papers, eleven 
of which are here represented. The others are: 

Differences in Corn Indicated by Preferences Exhibited by Ani- 
mals, by E. Roberts, University of Illinois, Urbana. 

Farm Tenancy in Minonk Community; Its Effect on Future Farmer 
Ownership, by Harold Wright, Vocational Agriculture Instructor, 
Minonk Community High School, Minonk. 

The Program for Controlling Bang’s Disease (infectious abortion) 
with Consequent Reduction of the Undulant Fever Hazard, by 
Harold M. Cavins, Eastern Illinois State Teachers College, 
Charleston. 

Temperature and Moisture Effects on Grasshoppers, by Robert J. 
Maurer, Illinois State Normal University, Normal. f 

The Production of Hybrid Corn in DeKalb County, by Linden H. 
Botkin, Vocational Agriculture Instructor, Waterman Community 
High School, Waterman. 

The Onion Set Industry in Cook County, by E. H. Howell, Vocational 
Agriculture Instructor, Palatine Township High School, Palatine. 

Profitable Swine Production as Demonstrated by Boys’ Project Work, 
by Clyde Fry, Vocational Agriculture Instructor, Polo Community 
High School, Polo. | 

Agriculture for All Ryral Schools, by Charles H. Oathout, Western 
Illinois State Teachers College, Macomb. 

A Practical Approach to the Study of Heredity in a High School 
Curriculum, by C. L. Kutil, Vocational Agriculture Instructor, 
Antioch Township High School, Antioch. 

Hybrid Corn Experiment—Sterling, by J. A. Twardock, Vocational 
Agriculture Instructor, Sterling Township High School, Sterling. 

Some Proposed Curriculum Changes in Vocational Agriculture, by 
L. V. Slothower, Vocational Agriculture Instructor, Ashton High 
School, Ashton. 

Farm Tenancy Legislation, by Earl G. Reeves, University of Illinois, 
Urbana. 

Agricultural Land Utilization in the Chicago Metropolitan Area, by 
Marshall G. Clark, Soil Analyst, Dundee. 

Agriculture and Our Farm Youth, by Alfred Herstrum, Vocational 
Agriculture Instructor, Durand High School, Durand. 

Soil Conservation of Carroll County, Illinois, by Milton Dunk, 
Vocational Agriculture Instructor, Milledgeville High School, 
Milledgeville. 

Average attendance was forty-five. 

Dr. Elmer E. Roberts, Animal Genetics Laboratory, University of Illi- 
nois, Urbana, Illinois, was elected chairman of the Agriculture Section of the 
1938 meeting. 

(Signed) C. W. Hupetson, Chairman 
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Agriculture—1937 Meeting 


Evening Schools for Adult Farmers 
Paul Arndt 
Marengo Community High School, Marengo, Illinois 


Organized instruction for adult farmers in evening schools is a definite 
requirement of Vocational Agricultural Education according to the interpre- 
tation of the Smith Hughes Law. After teaching vocational agriculture in 
high school for nearly twenty years, I have concluded that the successful 
teacher needs this personal contact with adult farmers in his community 
to sense the demand for changing practices in various farm enterprises as 
they arise. 

Adult classes for farmers increase the interest in the local agricultural 
department and thereby create demands for service. They have a tendency 
to encourage larger enrollment of agriculture students. Tax payers feel 
that they are getting value received in extra service from their school taxes. 
Good will toward the school is created. The leading farmers become pivot 
men in their respective neighborhoods by encouraging better methods and 
practices. During the past five years we have had some degree of success 
in our campaign for lime, legumes, and better pastures. 

The time of the year for the evening school must be determined by the 
local community. Under our conditions, we have held meetings during 
November, December, January, and February. All meetings are held at 
the high school on Friday evenings, 8—9:30. 

There are many ways to promote interest and publicity for these meet- 
ings. The best results are accomplished when the agriculture teacher 
makes calls on the farmers discussing the possible value of such a series. 
Newspaper stories should appear before the first meeting and a summary 
of the discussion should follow each meeting. A small classified ad will 
bring it to the attention of many farmers. Post cards should be sent weekly 
to all members of the class. By being a member of the local service club, 
which is composed of professional and businessmen, it is possible to sell them 
on the idea of the school. They, in turn, will encourage their rural patrons 
to enroll in the classes. 

Following is a suggested procedure for organizing subject matter for 
an evening school: 

1. Consult the key men or advisory council of farmers as to the 
nature of the course desired. 

2. Ask the boys and their dads about their problems. 

3. Determine what enterprise should be covered in the course. 

4. Make a survey of the farms in your district to determine the 
various practices in your locality. 

5. Enumerate the jobs which should be studied under the 
enterprise. 

6. Compare the local practices with those recommended by suc- 
cessful farmers and Experiment Stations. 

7. Set up objectives for each group of practices. 

8. Collect and organize available data and work out a definite 
teaching program for each unit of approved practices. 
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9. Follow up with work in the field during the summer. 
I should suggest the following lesson plan for teaching: 
1. Situation. 
2. Problems within the situation. 
3. Objectives for discussion. 
4. Devices—different cases of farm practices and experiences. 
5. Poor practices. 
6. Good practices. 
Following are the topics discussed during our Sixth Annual Short 
course: 
Causes for Variation in Butterfat Tests. 
Causes and Control of Mastitis in Dairy Cows. 
How to Cut Milk Production Costs. 
Legume Hays and Pastures for Dairy Cows. 
Providing Dairy Rations in Drought Years. 
The Merits of Hybrid Corn for Local Dairy Farmers. 
Soil Management and Fertilizers for Corn and Small Grain. 
Farm Outlook for 1937. 
9. Summary of Financial Reports of 60 Dairy Farms in Southern 
Wisconsin: Factors that Caused Profits and Losses. 
10. Poultry as a Side Line on a Dairy Farm. 

In our evening schools, I have used outside instructors mainly, many 
of whom came from the Extension Departments of the University of Illinois 
and of Wisconsin. A great deal of interest was shown by the farmers for 
the up to date information that is gained from the specialists who came 
from the Agriculture Experiment Stations. Some outstanding practical 
farmers and Farm Advisors were invited to lead discussions on certain 
evenings. Editors of Hoards Dairymen have offered splendid material which 
was presented in a practical way. One must be careful not to select in- 
structors in whom the farmers have no confidence. All of the meetings 
have been of the discussion type and the members are given every oppor- 
unity to ask questions and give their experiences. By calling upon the mem- 
bers of the class during the summer, the teacher determines the extent to 
which the new material has been put into practice. It also gives him a 
chance to discuss further any questions that may have developed after the 
course. 
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The Art and the Science of Agriculture 


Eugene Davenport 
University of Illinois, Urbana, Illinois 


Agriculture is a strange mixture of art, biological science and economics. 
It began with the hunt and the end is not yet. Simple as it was in the 
beginning, it is growing day by day more complicated and almost every new 
discovery adds to its complexities and to its interest as well. 

It has all come about in a perfectly natural way, no doubt, and while 
most of its history is buried in the past of many races, yet its broader 
outlines can be inferred with a fair degree of accuracy. 

That the earliest man was a hunter, like his animal associates, is a 
fair assumption, though he was doubtless by far the most ingenious and 
heartless of the lot. For after having subdued the earth and turned to his 
advantage what he has not destroyed he seems now to have entered upon 
an era of self-destruction, even as his savage ancestors fought for hunting 
grounds. But this is not agriculture and need not concern us here. 

Nature seems to have provided at least two distinctly different oppor- 
tunities whereby this early man might make a living and he divided himself 
into groups accordingly, though why some chose this and others that is a 
secret of the long lost past. 

Anyhow, one group chose to live by the seaside, obtaining its living from 
the waters, the simplest, and perhaps the surest, means of support but the 
least stimulating to progress. 

Apparently much the larger group chose to live mainly by the hunt with 
some help from the lakes and rivers, and with them existence became a 
game of matching wits against their animal neighbors. It is among these 
that we shall look for the beginnings not only of agriculture but of science. 

Now the timbered sections of river valleys were the favorite hunting 
grounds because here were the hiding places of the hunted. Even a half 
developed man thing must have noticed the hunting habits of the wolf, and 
what was more natural than that he should tame a young pup now and then 
and finally acquire a pack to help him trail and corner the game.. So the 
dog, almost certainly, was the first domesticated animal. 

But the hunt is not always successful, and it must have been that not 
infrequently hunter and dogs returned with nothing to show for the day’s 
work but empty stomachs, gnawing hunger and possibly a fair stock of ill 
nature. But the women had been hunting, too, among plants that could not 
run away and hide. 

They had discovered, here and there, certain fruits, nuts, even roots 
with a good taste and with qualities that could stave off hunger. It was 
then that woman discovered that the road to a man’s heart is through his 
stomach and that it is good policy to “feed the brute.” Nothing was more 
natural than to clear away competing vegetation from the neighborhood of 
these valuable food plants, and so it was that agriculture was born and 
women became the first farmers. 

It was not long under these conditions until man discovered that these 
trees, shrubs and other valuable plants come from seeds, and following close 





46 Illinois State Academy of Science Transactions 


upon that discovery was an attempt to enlarge nature’s beneficence by plant- 
ing some of these seeds on the sand bars down by the river or in other 
vacant spaces—a second step in the development of agriculture. 

Now this could not long go on without noticing that the seeds from 
the better plants were able to produce a superior crop and such seeds were 
in demand. Here was “breeding from the best,” the first step in what we 
now call genetics and the first service of science to agriculture if not to the 
race. No doubt the hunter had noticed a vast difference in his dogs and 
soon learned also to breed from the best. 

In the meantime another thing was happening. Some of the larger 
animals, feeding upon the taller grasses, naturally sought the open country 
and, being fleet of foot, were able to venture farther from shelter than the 
weaker and more timid woods folks. These were the cattle kind and noble 
hunting did they make. 

But to secure these animals the man must have another helper and 
one that not only could outrun the cattle but was also able to carry a rider. 
And so the horse came into the picture, without much doubt the second 
domesticated animal. Here, too, difference in individuals must have been 
apparent and breeding from the best vastly increased not only the speed but 
the power and endurance of the greatest of all domesticated animals. 

This meant a perambulating life, as the tribe followed the herds in 
their wanderings for fresh pasturage. To care for these herds the help of 
many men was required, and gradually, as the herds multiplied, they came 
into the virtual possession of masterful men with many followers. Such 
was Abraham of old, rich herdsmen, who often battled each other for pos- 
session of favorite pasture lands, one of the beginnings of warfare. 

In the meantime something was happening back in the valleys where 
crops were being cultivated. Nothing could so injure that tribe as to raid 
their growing crops and their storehouses by enemy tribes; and here was 
born, on the heels of agriculture, the first organized warfare, in which per- 
sonal combat became mass conflict. The only protection of a tribe thus 
becoming tied to a settled habitation was to organize a war party to clean 
up the surrounding country much as we stop a prairie fire by backfiring. 
That is what the Six Nations were doing just before America was discov- 
ered, when they chased their enemies up into Canada, down into the Caro- 
linas and, to make assurance doubly sure, came out into what we now call 
Illinois. 

So this brings us down pretty nearly to our own time except for one 
fact long before well known. And that was that certain materials applied 
to the ground would vastly increase the yield. It was probably accidental 
in the first place, for it was inevitable that some one would notice that 
where a fire had beer or near the dumping place vegetation grew ranker 
than elsewhere. 

So there grew up in Roman times a considerable knowledge of fertilizing 
materials. But it was crude and empirical, for as late as a hundred years 
ago useless, even harmful, materials were often applied, just as the phases 
of the moon were consulted in almost every agricultural operation. 

But alchemy was turning into chemistry. What though chemistry meant 
then only analysis—it was a start. What though the first scientific assump- 
tion was that everything found in the crop by analysis should, in theory, be 
applied as a fertilizer—it was a step in the right direction. 

Exactly one hundred years ago a great thing happened. One Sir John 
Lawes came into possession of the family estate at Rothamsted, in Herts. 
In the university he had become interested in the possibilities of applying 
scientific methods to agriculture, for those were the days when agriculture 
was the chief concern of English gentlemen. 
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Securing the services of one Henry Gilbert, afterwards Sir Henry, the 
two together in 1837 laid out Broadbalk field into small plots and proceeded 
to raise every important crop under every conceivable form of treatment. 

As would be expected, they found some materials injurious, others useless 
and a few highly beneficial. English farmers had already learned by experi- 
ence that “lime enriches the father but impoverishes the son”. Lawes and 
Gilbert learned why. They early learned that while most crops could be 
grown year after year on the same ground it was impossible with legumes, 
a mystery not yet fully solved. 

The great outstanding lesson they learned was that most crops respond 
to the application of combined nitrogen as to no other fertilizer. And then 
arose the “nitrogen mystery,” a mystery because there was no known way 
by which such combinations were effected in nature. 

As late as 1890 I read a letter from Sir John Lawes to Dr. Manly 
Miles, the first professor of agriculture in this country, in which Sir John 
said, in substance, that unless we could speedily solve this nitrogen mystery 
the world would positively go hungry. The only known source of combined 
nitrogen was the guano of a few Pacific islands which fleets of ships had 
by that time nearly exhausted. 

And the mystery was solved, as we now know. But here is an interest- 
ing incident in that connection. On the way up from South America in 
1892, I came by way of England in order to visit Rothamsted. Arriving in 
England, I asked the privilege of a visit and a time was set. 

On the appointed day and* hour Mrs. Davenport and I presented our- 
selves at the laboratory, expecting to be shown at once over the fields. What 
was our surprise to be greeted by Sir Henry Gilbert himself and to see the 
walls of his laboratory covered with charts. But our amazement was com- 
plete when he proceeded to repeat for us, taking a full hour of his time, the 
lecture he had given in Halle a few days before, showing how they had 
solved the nitrogen mystery. And we saw the very clover plants that were 
used in the experiment. 

This brings us down to the present when the contributions of science to 
agriculture are much better known to others than to me and when the eco- 
nomics of farming is the chief concern. 





48 Illinois State Academy of Science Transactions 


Comparative Productiveness of Some Twelve 
Varieties of Tomatoes on Fertile 
Prairie Soils 


T. J. Douglass 
Illinois State Normal University, Normal, Illinois 


Due to the increased interest in vegetable growing in Illinois in the 
last few years, the class in Vegetable Gardening at the Illinois State Normal 
University decided it would be a worthwhile undertaking to run tests on a 
number of varieties of tomatoes. The seeds were planted in flats and the 
young plants were shifted only once in the greenhouse. On April 30th the 
plants were set in the field. The planting distances were five feet between 
the plants within the rows which were spaced six feet apart. The rows ran 
north and south. Each row had twenty-seven plants. All missing plants 
were replaced within a period of ten days. 

In choosing the varieties it was decided to select some of the older 
varieties which are commonly grown in the home gardens of central Illinois, 
and also to include some that are not generally grown, but which may be 
more desirable varieties to grow. 

Twelve varieties were selected and were to be tested for earliness of 
yield, total yields, productiveness of graded or select tomatoes, and resist- 
ance to Fusarium wilt. The Fusarium wilt was later excluded from the 
tests because no varieties showed any indications of the infection, even 
though eight of the twelve varieties were known to be susceptible. If 
Fusarium wilt had been present no doubt greater differences in yield would 
have been recorded. 

The susceptible varieties were Bonny Best, Golden Queen, Great 
Baltimore, John Baer, New Globe, New Stone, Oxheart and Ponderosa. Of 
the available resistance varieties, the Illinois Pride, Marglobe, Marhio and 
Pritchard were chosen. The Illinois Pride was the most recent development 
of resistant varieties and had been given out for tests, but was not offered 
for sale until this year. It was an Illinois selection from the Century variety 
and recommended mote especially for less fertile soils than found in central 
Illinois. The Marglobe was developed by the United States Department of 
Agriculture. The Marhio was developed by the Ohio Experiment Station. 
The Pritchard was originated by the late Dr. F. J. Pritchard of the United 
States Department of Agriculture in 1931. 

The first tomatoes were harvested from the Greater Baltimore and John 
Baer on July 15th, or exactly seventy-six days after planting in the fleld. By 
July 23rd all varieties, except the Oxheart, had produced tomatoes. The 
Oxheart produced only one tomato by July 31st. On July 31st the ranking 
of the tomatoes according to the total yields were as follows: Greater Balti- 
more, 33 lbs.; Bonny Best, 26.25 lbs.; New Globe, 20.5 Ibs.; Marhio, 16.75 
lbs.; John Baer, 13.37 lbs.; New Stone, 12.25 lbs.; Pritchard, 11.75 Ibs.; 
Illinois Pride, 10 lbs.; Marglobe, 7.37 lbs.; Ponderosa, 5.25 lbs.; Golden 
Queen, 4.75 Ibs., and Oxheart, 0.25 Ib. 





AES 














SOT rr 





ARES 














TS Wy, 








Agriculture—1937 Meeting 49 


No attempt was made to grade the tomatoes at this time because the 
prices at the local market were favorable on the ungraded tomatoes. 

Giving a rating of 100 to the Greater Baltimore on the earliness of 
yield up to July 31st, the ratings of the other varieties were found to be as 
follows: 

Bonny Best, 79.5; New Globe, 62.1; Marhio, 50.8; John Baer, 40.5; 
New Stone, 37.1; Pritchard, 35.6; Illinois Pride, 30.3; Marglobe, 22.3; 
Ponderosa, 15.9; Golden Queen, 14.4, and Oxheart, 0.76. In the test 
the Greater Baltimore was superior to all other varieties for early 
tomatoes. Bonny Best and New Globe were the next two best varieties 
to plant for early tomatoes. 

By August 18th the Greater Baltimore was still leading all of the varie- 
ties with a total production of 102.5 lbs. Bonny Best was still maintaining 
second place with a total of 88 Ibs. New Stone moved from sixth to third 
place with a total of 77 lbs. New Globe remained in fourth position with a 
total of 74.5 lbs. and Illinois Pride moved from the eighth piace to the fifth 
with 70.25 lbs. yield. The other varieties were distributed according to their 
yields in the following order: Pritchard, 66.75 lbs.; Marhio, 64.25 Ibs.; 
Golden Queen, 62.25 Ibs.; Marglobe, 50.87 lbs.; John Baer, 45.87 Ibs.; Ox- 
heart, 22.75 lbs.; Ponderosa, 13.25 Ibs. 

After August 15th the Golden Queen was no longer harvested. Being 
yellow tomatoes, there was no market for them throughout the season and 
nearly all of them were cracked badly. No select tomatoes were harvested 
from the Golden Queen at any time. 

On October 2nd the last pickings were made and the following totals 
were recorded: 

Greater Baltimore, 178.5 lbs.; New Stone, 175.5 Ibs.; Illinois Pride, 
157.5 Ibs.; Bonny Best, 151 lbs.; Pritchard, 140 lbs.; New Globe, 133.5 
Ibs.; Marglobe, 125.87 lbs.; Marhio, 125.25 lbs.; John Baer, 122.87 Ibs.; 
Oxheart, 80.75 Ibs., and Ponderosa, 73.25 Ibs. 

If the tomatoes were ranked on the basis of total production and the 
highest producer were given a rating of 100 it would be found that the fol- 
lowing ratings may be accorded to the varieties: Greater Baltimore, 100; 
New Stone, 98.3; Illinois Pride, 88.2; Bonny Best, 84.6; Pritchard, 78.4; 
New Globe, 74.8; Marglobe, 70.5; Marhio, 70.38; John Baer, 68.8; Oxheart, 
45.2, and Ponderosa, 41.0. 

If one were to choose varieties on yield alone it would probably be 
well for him to choose the tomatoes on the above rating scale, but this basis 
may lead to disappointment, for not all of the above yields were select toma- 
toes. From August 14th through August 29th, the tomatoes were graded into 
select and culls because the price paid for select tomatoes warranted the 
grading. It was found that wide differences in the percentage of good select 
tomatoes occurred between varieties. During the time of grading the 
following percentages of first select tomatoes were found: 

Illinois Pride, 62.4%; Pritchard, 51.6%; Bonny Best, 51.3%; New 
Stone, 42.7%; Greater Baltimore, 33.9%; Marglobe, 31.9%; Ponderosa, 
31.6%; Marhio, 30.3%; John Baer, 23.5%; New Globe, 14.5%; Oxheart, 
12%, and Golden Queen, 0.0%. 

Using the above percentages and assuming that the same percentages 
prevailed throughout the season, an attempt was made to rank the varieties 
according to the amount of select tomatoes which would have been produced. 
The total yields of first grade tomatoes were found to be for the varieties 
as follows: 

Illinois Pride, 98.28 lbs.; Bonny Best, 77.4 lbs.; New Stone, 74.94 
Ibs.; Pritchard, 72.2 lbs.; Greater Baltimore, 60.5 Ibs.; Marglobe, 40.19 

Ibs.; Marhio, 37.95 lbs.; John Baer, 28.85 Ibs.; Ponderosa, 23.15 Ibs.; 
New Globe, 18.3 lbs.; Oxheart, 9.69 Ibs., and Golden Queen, 0.0 Ibs. 
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If we allot 100 as a basic figure for the best producer of select tomatoes 
we have the following ratings: 

Illinois Pride, 100; Bonny Best, 78.8; New Stone, 76.3; Pritchard, 
73.5; Greater Baltimore, 61.6; Marglobe, 40.9; Marhio, 38.6; John Baer, 
29.3; Ponderosa, 23.6; New Globe, 18.6; Oxheart, 9.9, and Golden 
Queen, 0.0. 

During a season such as occurred in 1936 when earliness of yield is not 
considered, Illinois Pride should be found as an excellent variety to plant in 
central Illinois. Bonny Best, New Stone and Pritchard are also good 
yielders in central Illinois. 

In conclusion, it may be advisable to set out a few plants of Greater 
Baltimore in the home garden, if no Fusarium wilt is present and early 
tomatoes are wanted. Bonny Best is a good early producer as well as a high 
yielder, but is susceptible to wilt. Marhio and John Baer are best resistant 
varieties to plant for early tomatoes. 

For best production of graded tomatoes, Illinois Pride, a wilt resistant 
variety, is a favorable variety to plant in central Illinois during a dry season 
such as occurred in 1936. Pritchard, another resistant variety, is a good 
variety for fertile prairie soils. If wilt is not present Bonny Best, New Stone 
and Greater Baltimore have merits in central Illinois. 
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Tazewell County Industries as a Market for 


Farm Products 
W. H. Dowell 


Pekin Community High School, Pekin, Illinois 


Located in Tazewell County are a number of large industries which 
should offer a good market, either directly or indirectly, for farm products. 
The facts that Tazewell County is in the heart of the corn belt and is 
located near the Illinois River brought most of these industries to this 
locality. Several of these located in Pekin because of the almost unlimited 
supply of pure water which needs no chemical treatment before it can be 
used. Being located right on the Illinois River and having nine railroads, 
this town affords both cheap and rapid transportation of products. 

A study was made to determine if these industries use local raw products 
to any great advantage to the Tazewell County farmers. A questionnaire 
was sent to all the larger industries to find the kind and total amount of 
farm products used in 1936 and the kind and amount used from Tazewell 
County and consumption of raw products per average working day. These 
questionnaires were given to the Corn Products Company, American Distill- 
ing Company, Fleischmann’s Yeast of Standards Brands, Inc., Grain Ele 
vators, Sommer Seed Company, poultry and egg markets, dairies, and 
bakeries. Other livestock product markets, such as packing plants in 
particular, do not operate in the- county. However, Peoria, being only nine 
miles distant from Pekin, offers a very close market for livestock, including 
hogs, cattle and sheep. This is also true of the truck and small fruit 
industry, the products of which may be marketed at the large wholesale 
houses just across the Illinois River. In addition, Pekin open air markets 
and groceries offer a nearer market for truck crop and small fruit growers. 

The farm products used by the companies receiving the questionnaire 
are yellow and white corn, cornmeal, wheat, oats, rye, soybeans, chickens, 
eggs, butter, barley, malt, lard, cane and beet molasses, clover seeds, milk and 
butter. Tables I, II, and III show the results. 

Table I, showing the record for 1936 of the total kind and amount of 
products used by the companies, may be compared or contrasted with Table 
II, which shows the amounts and kinds of farm products used from Tazewell 
County. 

Some of the largest users, as the Corn Products Company and Distilling 
Company, were unable to give the exact amounts purchased from this 
county. This is explained by the fact that corn is not purchased directly, 
but is obtained through the Peoria Board of Trade channels. However, in- 
vestigation at the local elevators proves that most of the corn handled by 
them finds its way to the local industries as directed by the Peoria pur- 
chasing firms. 

That Pekin is somewhat of a grain center is brought out by the fact 
that many nearby counties bring their corn here to market. In years when 
the corn crop is below average many bushels are purchased by out-of-state 
users. Some days find as many as six trucks from out-of-state waiting their 
turn to load. 
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TABLE I.—RECORD OF THE KIND AND AMOUNT OF FARM PRODUCTS USED IN 1936 








Product 


Products 
Co. 


Standard 
Brands, 
Inc. 


Dairies 
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_ |American 
Bakeries | Distilling 
|\Company 


Markets, 
Poultry 
and 
Eggs 


Grain 
Elevators 
and 
Sommer 
Seed Co. 


Total 





10,123 ,073 

















1,625, 809 
3,000) 














14,479,000 bu. 


473 ,538 bu. 
95,735 bu. 


9,891 bu. 
55,923 bu. 


457,013 lbs. 


29 
216,000 lbs. 


236, 640 lbs. 
10,000 lbs. 








TABLE II.—RECORD OF THE <—~- AND AMOUNT OF FARM PRODUCTS USED FROM 


AZEWELL IN 1936 








Product 


Poultry | 


and Eggs 


Sommer 


| Bros. Co. 














236, 640 Ibs. 
10,000 Ibs. 








TABLE III.—CONSUMPTION OF RAW PRODUCTS PER AVERAGE WORKING Day (SOME 
INDUSTRIES Dip Not Report THEIR DAILY CONSUMPTION) 
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927,481 Ibs. 
40 lbs. 
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One industry alone, the Corn Products Company, uses on the average ten 
million bushels of corn a year, or approximately 40,000 bushels per average 
working day. This is more than twice the annual corn production of Taze- 
well County as shown in Crop Statistics Report published by the Illinois 
State Department of Agriculture and United States Department of Agricul- 
ture, which was 4,777,130 bushels for the average for the three years 
1930-1932. Another large user is the American Distilling Company, using 
annually approximately 2,500,000. Along with Fleischmann’s Yeast and 
other processers, these plants help to make Pekin one of the best corn 
markets in the world. 

While the industries could only make an estimate in most cases of the 
products coming directly from Tazewell County, the findings of this study 
point to the following results: 

1. That the consumption of corn alone is more than the county can 
supply in an average year. 

2. That the three larger processers of corn buy indirectly from our 
producers. 

3. Some direct buying is shown, however, as in the case of the dairies, 
seed and poultry and egg markets. 

4. Raw materials being near-by, natural resources, good transportation 
facilities and location are the factors attracting industries to this county. 

5. This combination of favorable factors makes for the increase in 
markets of dairy, bakery and other producers. 
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The Rise of Hybrid Corn 


George H. Dungan 
University of Illinois, Urbana, Illinois 


The rapid rise of hybrid corn into prominence in Illinois is clearly 
shown by the records of the Corn Performance Tests carried on in different 
parts of the State. During the last ten years the number of entries of 
hybrid corn ranged from 6 in 1927 to 48 in 1936 in central Illinois, and 
from 1 to 41 for these same years in northern Illinois. In 1927 only 2 per 
cent of the corn entries in the tests in northern Illinois were hybrid and 
in 1936, 89 per cent of them belonged to the hybrid class. Hybrid corn 
entered the test plots at Urbana earlier than at DeKalb, and in 1927, 24 per 
cent of the entries were of hybrid breeding. In 1936, a little over 90 per cent 
of the entries in the central Illinois tests were hybrid. 
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Fig. 1. 


A more striking picture of advancement made by hybrid corn can be 
had from a study of the yield data. As shown in Table I and in Figure l, 
the average yields of the five best hybrids grown in northern Illinois were 
lower than those of the five best open-pollinated varieties during the seasons 
1927, 1928, 1929, and 1930. In 1931 the five best hybrids exceeded the five 
best open-pollinated varieties by 9.5 per cent. In every subsequent year the 
five best hybrids excelled the five best open-pollinated varieties. In 1934 the 
per cent superiority was 42.1, in 1935 it was 22.2, and in 1936 it was 36.3. 
Hybrid corn has been so improved by the use of better inbreds, new com- 
binations of inbreds, and by the elimination of low yielding hybrids until 
in 1934 and in 1936 the five poorest yielding hybrids produced more grain 
than the five best open-pollinated varieties. 

In central Illinois the average yield of the five best hybrids has been 
greater than the five best open-pollinated varieties every season but one 
since 1928, reaching a high of 49.2 per cent in 1936, as shown in Table II 
and Figure 2. The five lowest yielding hybrids produced less grain than 
the five highest yielding open-pollinated varieties from 1927 to 1934, inclu- 
sive. During 1935 and 1936 the average yield of the five poorest hybrids ex- 
ceeded that of the five best varieties. 
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TABLE I.—PERCENTAGE BY WHICH THE AVERAGE YIELD OF THE FIVE Best HYBRIDS 
AND THE FIve PoorREST HYBRIDS EXCEEDED OR FELL BELOW THE AVERAGE 
YIELD OF THE FIVE BEST OPEN-POLLINATED VARIETIES IN 
NORTHERN ILLINOIS, 1927-1936 

















Group 1927* | 1928* | 1929 | 1930* | 1931 | 1932 1933 1934 1935 1936 
Five best hybrids.........-. | —11.7] —14.2)} —9.4, —14.1 +9. 5) +6.7 +1. 8 +42. 1| +22.2) +36.3 
Five poorest hybrids... eee. | —11.7| —14.2) —23.6) — 14.1) 7.0 —20.1 -29. 6 +1. 3| —6.1| +5.7 








* Fewer than five hybrids were in the tests. 

(Data for the seasons 1927-1933, inclusive, were obtained from the DeKalb 
field ; 1934, from the Stockton and Rochelle flelds; 1935, from the Stockton, Rochelle, 
and Plainfield fields; and 1936, from the Stockton, Kings, and Plainfield fields.) 


AVERAGE TOTAL YIELD OF THE FIVE BEST AND THE FIVE POOREST 
HYBRIDS EXPRESSED AS A PERCENT ABOVE OR BELOW THAT OF 
THE FIVE BEST OPEN-POLLINATED VARIETIES, GROWN IN CENTRAL 
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TABLE II.—PERCENTAGE BY WHICH THE AVERAGE YIELD OF THE FIVE Best HYBRIDS 
AND THE Five PooresT HYB2IDS EXCEEDED OR FELL BELOW THE AVERAGE 
YIELD OF THE FIVE BEST OPEN-POLLINATED VARIETIES IN 
CENTRAL ILLINOIS, 1927-1936 




















Group | 1927 | 1928 | 1929 | 19 1930 | 1 1931 | 1932 | 1983 | 1994 a | 1935 5 | 1936 
Five best hybrids.......... ee 9) +11. o| 43.4] 421.2) — 8| +16.2| +21.5 +24.1| +25.9) +49.2 
Five poorest hybrids......| —12. soy He 2 —17.1| —29.0) —26.9) —20.5) 30.5, —9.5) 43.2) +4.6 





(Data for the seasons 1927-1933, inclusive, were obtained from the Urbana 
field ; 1934, from the Minier field; 1935, from the Adair, Bellflower, and Armstrong 
fields; and 1936, from the Adair, Stanford, and Armstrong fields.) 


Assuming that the trends presented in this ten-year record are indica- 
tive of the direction of developments in the future, the outlook for more 
and better hybrids is bright. The data show that the hybrids included in 
the tests during recent years were improvements over those formerly grown. 
Should this improvement continue, it will not be many years until all 
commercial hybrids will be superior to the standard open-pollinated 
varieties. 
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Experimental Test With Vegetable 
Soybean Varieties 


Lawrence Hastings 


Illinois State Normal University, Normal Illinois 


The soybean is fast becoming one of the major cash crops in the 
corn belt. Although grown for centuries in the Orient, it has only recently 
sprung into such prominence in the Corn Belt of the United States. Food 
experts and chemists have found a wide variety of uses for the soybean 
in the human diet, and they are constantly adding new uses to this list. 
In a pamphlet published by the Home Economics Department of the Uni- 
versity of Illinois, they list a number of recipes for cooking soybeans for 
the human diet. 

However, because of the oily nature of the common strains of the soy- 
bean grown commercially, the food products consist in the main of items 
manufactured from processed beans, from which the oil has been extracted. 
As a result, the American people still rely upon the navy, or soup bean, 
for the more common culinary uses. 

Is it possible to develop strains of vegetable soybeans adapted to our 
growing conditions, which will yield beans for human consumption, more 
palatable and nutritious than the navy bean now so widely used? Might 
not the quality of the soybean products already in use be improved by such 
varieties? Will these varieties perhaps prove more resistant to insect and 
disease damage, and adverse weather conditions than the navy bean or 
the commercial strains of soybeans now in wide use? 

In seeking the answers to these and other such questions about vege- 
table soybean varieties, plant breeders are growing and studying many 
strains and varieties. From one such plant breeder, Dr. Earl Sieveking of 
Funk Bros. Seed Co. the Agriculture Department of I. S. N. U. secured seed 
samples of 18 varieties of soybeans. These particular varieties have been 
selected from many because of greater adaptablility to growing conditions 
in this section. As all of them are still in the experimental stage, the 
varieties are spoken of by number instead of variety name (with one ex- 
ception). 

In the large gardens at the State Normal Experimental Farm, Mr. 
Douglas’ vegetable crops class planted and tended a small plot of each of 
the 18 strains available. The soil upon which the beans were grown was 
plowed out of clover sod, early in the spring, and was well worked down 
prior to the planting of the beans in the early part of May. In spite of 
very adverse weather conditions, most of the varieties grew off quite well, 
and yielded a good crop of soybeans. 

The varieties were studied throughout the growing season, and at 
harvest time, the results of these tests were carefully tabulated. Among 
the characteristics observed in this study were the following: height of 
mature plant, lodging resistance, earliness of maturity, degree of shatter- 
ing, number of pods per plant, number of beans per pod, the yield per plant, 
the color of the beans, the moisture content, and the test weight per bushel. 
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This data for each variety was obtained and carefully recorded in tabular 
form. The beans were harvested and hulled by hand, so that more accurate 
results could be obtained. 

Among the varieties grown wide variations were found in some of the 
more important characteristics from the standpoint of the soybean pro- 
ducer. For example, in one variety, it was estimated that 20 per cent 
of the beans had shattered out of the pods prior to harvesting, while in 
some of the better strains, little or no shattering had taken place. When 
the characteristic of lodging was considered, one variety had 44 per cent 
of its stalks lodged, while in some of the varieties more resistant to lodging, 
every plant was standing erect and straight at time of harvest. A wide 
difference in the rate of yield was another important fact brought out in the 
experiment. Obviously, those high-yielding varieties, providing quality and 
other characteristics do not vary too much, are more desirable from the 
standpoint of the producer. The most prolific of the strains averaged 77 
pods per plant, while the poorest in this respect had but 29 pods per plant. 
Color is an important characteristic in beans which are to be used for cook- 
ing. The color of the experimental varieties varied from light cream to 
brown and black. For most culinary uses the lighter colored beans would 
be preferable. 

Undoubtedly a study of the cooking qualities of the various varieties 


* would have added much to the value of the tests, had we been able to 


carry it on. Such items as flavor, texture when cooked, speed of cooking, 
appearance when cooked, and taste could be tested and recorded in this 
part of the study. 

In working out a basis for comparison of the varieties, considering the 
data obtained, we worked out a performance rating based upon what we 
considered three of the most important characteristics. These were yield 
per plant, resistance to lodging, and resistance to shattering. The total yield 
was given three times the stress that the other two factors were given. 

The average rating was approximately 100, with a high of 127, and a 
low of 71. The best three varieties based upon this rating are as follows: 

No. 1—84939. A medium maturing variety, with rather tall plants, bear- 
ing on the average 76 pods per plant. It had very little shattering, but 
some lodging. Beans a light yellow in color. 

No. 2—84916. Medium early maturity, plants rather medium in height, 
no shattering, and very little lodging. Beans a greyish green color, with 
black eyes. 

No. 3—Higan-Mami. Medium in maturity, plants of medium height, 
bearing 77 pods per plant, the most prolific of the varieties. No shattering, 
and a slight amount of lodging. Beans a light yellow in color. 

During the coming season, it is the plan of the Agriculture Depart- 
ment at Normal to enlarge and continue this experiment by planting larger 
plots of these varieties, and others which may be obtained. Careful study 
will be made, and if a sufficient quantity of each variety is produced, 
culinary tests will be added. It is hoped that from this test and similar 
tests carried on elsewhere that a worthwhile contribution will be made to 
the plants which produce nutritious and palatable food for human con- 
sumption. 
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Pasture Demonstration Studies 


C. W. Hudelson 
Illinois State Normal University, Normal, Illinois 


Through the cooperation of Mr. F. A. Fisher, Illinois State Director of 
the Soil Erosion Service of the United States Department of the Interior, 
whose office is in Urbana, Illinois, the Division of Agricultural Education 
of Illinois State Normal University was able to conduct a series of demon- 
stration plots involving seventeen different grasses and legumes on the 
University Farm in 1935 and 1936. The Soil Erosion Service furnished 
the seed which was planted April 16, 1935 immediately north of the farm 
entrance gate along Route 51 in plots 100 feet long by 20 feet wide. You 
may recall that we experienced drouthy conditions in the spring of 1935 
although not as severe as those in the spring of 1936. Consequently these 
seeds grew slowly and the stand seemed quite uneven. The weeds made 
a much better showing than the pasture seeds did. The prospects of a good 
showing on the plots were discouraging. However, the seedings were al- 
lowed to continue with little attention being given them except that the 
tallest growth, mainly weeds, was clipped once during the summer of 1935 
with the mowing machine, the sickle bar being elevated as high as pos- 
sible during the operation. 

While inspecting these plots early in the spring of 1936 it was again 
decided that for the most part there was no advantage to be gained in 
allowing these plots to stand and then in addition to that viewpoint a small 
tract of land was needed in a convenient location for the vegetable crops 
class. The first ten plots on the south end of the series were plowed under 
and fenced in for a garden. All of the legumes and timothy and redtop 
were in this group of ten plots. The seven remaining plots are grasses, 
six of them being somewhat unusual. These grasses stand from south to 
north immediately north of the vegetable garden as follows: 

Kentucky Blue Grass 
Fowled Meadow Grass 
Harding Grass 

' Reed Canary Grass 
Red Fescue 
Brome Grass 
Orchard Grass 

The season of 1936 furnished us with about the most extreme condi- 
tions of drouth and heat that central Illinois has ever known. These condi- 
tions certainly furnished an acid test for any and all pasture crops and 
mixtures. In addition to the extreme weather conditions just mentioned 
there were eighty pigs and their mothers which were allowed to forage or 
pasture over these plots at will beginning early in the spring and con- 
tinuing until late summer. Adjacent to these plots on the north and west 
was what I called a practically perfect stand of red clover with a little 
sweet clover mixed in. I do not need to remind you that most excellent 
stands of red clover were quite common during the spring and early sum- 
mer of 1936. These pigs had the privilege of foraging over all of that fine 
clover in addition to these several kinds of somewhat unusual grasses. 
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Two of these grasses, namely Brome grass and Reed Canary grass, came 
through these tests with flying colors. While all the other grasses were 
quite brown and dry and appeared practically dead, Brome and Reed 
Canary grasses were strikingly green and they were eaten low to the ground 
showing that the pigs preferred them to the others. It seemed to me that 
this demonstration was an excellent one showing the relative palatability 
of these grasses. One of the plots—that having had Harding grass sown 
on it—shows that it must have been quite palatable but unable to stand 
close pasturing or drouth or both in combination since this plot was. quite 
barren of any vegetation. The remaining grasses show a relatively small 
amount of pasturing having been done on them, which evidently means that 
the pigs preferred something else. 

Brome grass and Reed Canary grass are characterized by having 
vigorous underground stem-like roots which no doubt in part explained the 
striking green color. The Reed Canary grass had a very close, thick mat- 
like covering over the ground. 

I am informed that a number of experiences with these two grasses 
similar to those which I have mentioned have been reported in recent 
months, including those from the University of Illinois. 

I should like to know how these two grasses along with perhaps a 
legume or two perform together in a pasture mixture. In fact we have 
sown a few pasture mixtures including these two grasses in order to 
observe their performances in certain pasture mixtures. 

In summarizing the observations made on these plots during the season 
of 1936 I wish to repeat that without question these plots have been sub- 
jected to an unusual set of tests all in one season which ordinarily 
would have taken several years to have experienced. 
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The Part Time School and the Community 


R. E. Lamoreux 
Savanna Township High School, Savanna, Illinois 


The three major groups of people served by the vocational agriculture 
department are: 

1. The all day students. 
2. The adult farmers. 
3. The part time group. 

The part time group, which is the object of this study, consists largely 
of the out of school youth between the ages of 18 and 27 years. Since they 
are primarily concerned with actual farm work, yet attend school part of 
the time, they are called the part time group. 

The need for an adequate part time program is demonstrated by a 
comparison of the potential part time students with those actually so 
enrolled. In United States it is estimated that the possible part time 
students number about 1,200,000. However, in 1929 there were only 337 
part time schools with a total enrollment of but 5,128 students. Dr. Harl 
R. Douglass, in discussing the problem, “Our American Youth: Their Plight 
and Program,” recommends that in order to provide for this group of out of 
school youth we raise our compulsory school attendance age to 18 years 
or completion of high school, with concomitant work and school experience 
between the ages of 16 and 20 years. 

Granting the need for instruction of our out of school youth, what 
advantages are likely to accrue to the community which accepts this respon- 
sibility and conducts such a program? Schmidt and Ross list the following 
community advantages of a part time school: 

(1) Part time teaching tends to equalize educational opportunity. 

(2) It helps to cut the per capita cost of education. 

(3) Itassists in creating a more favorable attitude toward all education. 

(4) It turns economic waste into an economic asset. 

The application of the principles of the part time school will now be 
made with reference to a specific part time school; namely, that conducted 
during the past year in the Savanna Township High School. To determine 
the need for such a school, a brief survey was made of the graduating classes 
of the high school for the ten-year period 1927 to 1937. It was found that 
of 248 boys graduating in this period only 37, or 14.9%, enrolled in a 
college or university offering a regular four-year course. With the excep- 
tion of a few who entered business or trade schools, the majority of the 
remainder of this group of boys still resided in the community. The next 
step was to check over this list of boys and pick out all those who might 
be potential students in an agricultural part time school. It was found 
that, whereas there were only 23 boys enrolled in the all day classes in 
agriculture, the potential part time boys numbered 64. Cards were then 
mailed to all prospective students relative to the proposed school, articles 
were written describing tentative plans and personal interviews were held 
with as many prospective students as possible. 
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The first meeting of the part time school was then called and the 
general plan of the course was developed by the students themselves. By 
referring to “Types of Farming in Illinois, Area 2”, it was found that in 
Carroll County (1) 37% of the total land area was pasture land; (2) that 
48.3% of the county was subject to serious erosion, and (3) that 84.3% of 
all farm income was from livestock or livestock products. 

In line with these findings, the group then voted Animal Husbandry as 
the topic for their ten weeks’ study. They next elected to start their 
meetings at 7:30 p. m., hold them for one hour, go to the gym for the 
second hour and adjourn at 9:30 p. m. Material for class discussion was 
mimeographed, handed out at each meeting, collected at the close of the 
meeting and finally bound in booklet form for the permanent reference of 
the student. Recreation consisted chiefly of basketball games, two of which 











A Part Time ScHOOL 


were played with the neighboring part-time class from DeWitt, Iowa. The 
scheduling of several games added interest to the sport and gave incentive 
for practice periods prior to the games. 

At the completion of the course an agriculture banquet was held, with 
the F.F.A., 44H Club and part time school all co-operating. The completed 
lesson booklets were also distributed at this meeting. Completion results 
of the school showed that of our 64 potential students, 36 actually enrolled 
and attended one or more meetings of the course, the average attendance 
for the ten meetings was 27.3 and 21 the average age of all students 
enrolled. 

From the standpoint of the community, the following factors may be 
attributed directly or indirectly to the work of the part time school: 

(1) A greater interest in education, particularly vocational education, 

among the business and professional men in the community. 

(2) The creation of a more favorable attitude on the part of farmers 
toward the schools and the services which they are rendering in 
the community. 

(3) A new sense of value as to the worthwhileness of farming as a 
vocation. 

(4) It definitely encourages the process of continuous learning. 
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Natural Increase in the Population, Rural and 
Urban, in Illinois, 1930 


D. E. Lindstrom 
University of Illinois, Urbana, Illinois 


The urban communities in the State of Illinois did not maintain their 
population on the basis of natural increase in 1930, according to the 1930 
census. Approximately 360 children under'5 years of age per 1,000 women 
15 to 44 years of age, which is the child-bearing age, are required to main- 
tain population stationary, with the 1930 expectation of life in the United 
States as 61 years, according to Dr. O. E. Baker, Division of Farm Population 
and Rural Life, United States Department of Agriculture.* 

According to the 1930 census, there were 294 children under 5 years of 
age per 1,000 women 15 to 44 years of age in urban communities of the State 
of Illinois, compared with 380 in 1920 and 383 in 1910, showing a gradual 
decrease. (See Table 1.) The growth of the cities in Illinois like Chicago, 
Rockford, Peoria, Kewanee, Elgin, Kankakee, Galesburg, Dixon, Lincoln, 
Jacksonville, Moline, Rock Island, East St. Louis, Springfield, and Freeport 
has come from immigration rather than from natural increase. In recent 
years that immigration has been primarily from rural communities and 
particularly from farms in the areas contiguous to the cities, since immigra- 
tion laws have cut down the number of people coming from foreign countries 
to an almost negligible amount. . 

The census figures for 1930, 1920, and 1910 show also that the population 
of rural areas in the State of Illinois is suffering a decreasing rate of natural 
increase. The rate for 1910 was 529 children under 5 per 1,000 women 15 
to 44 years of age in rural communities; that of 1920 was 504; whereas that 
for 1930 was only 435. This is a decrease of 25 in the decade 1910 to 1920, 
and 69 in the decade 1920 to 1930, or almost three times in the second 
decade over the first. Were the rate of increase to slow up as much as it 
has in the first two decades, it would seem in the decade 1930 to 1940 the 
rate of natural increase would drop to less than the 360 children under 5 
years of age per 1,000 women 14 to 44 years of age, which is the number 
necessary to maintain population stationary (See Table 1). 

Evidence that considerable numbers of the immigrants to the towns and 
cities are coming from farms of the state is shown by a comparison of the 
farm’s with the non-farm’s rate of incsease. The rate of natural increase 
for the population of Illinois living on farms was 466 children under 5 per 
1000 women 15 to 44 years of age compared with 411 in the non-farm popu- 
lation in 1930. Further evidence of this is shown by comparison of rates 
of natural increase by county in which we find the following counties with 
a rate of natural increase in 1930 insufficient to maintain population with- 
out immigration: Adams, Alexander, Boone, Cook, Henry, Kane, Kankakee, 
Knox, Lake, Lee, Logan, Morgan, Peoria, Rock Island, St. Clair, Sangamon, 

1See Baker, O. E., “Rural and Urban Distribution of the Population in the 


United States.” The Annals of the American Academy of Political and Social 
Science 188 :264-279, November, 1936. 
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Stephenson, and Winnebago Counties. Champaign and Will Counties had a 
rate of 360 children under 5 per 1000 women 15 to 44 years of age. On 
examination of these counties, we find that there is a relatively large city 
located in each one. Indeed, the rate of natural increase in 1930 was lowest 
for the two counties in which the largest cities are located—Chicago, in Cook 
County, and Peoria in Peoria County. 

On the other hand, the four counties in the state having the highest 
natural increase, each having over 500 children per 1000 women 15 to 44 
years of age in 1930, are Calhoun, Clinton, Hardin, and Johnson Counties. 
The largest town in Calhoun County, Hardin village, had only 733 popula- 
tion in 1930. Carlyle in Clinton County had a population of 2,078 in 1930, 
and was the largest town in the county. The largest in Hardin County was 
Rosiclare, with a total of 1794 people in 1930. In Johnston County, the 
largest is Vienna city, with a population of 874 in 1930. 


TABLE 1—RATIO OF CHILDREN UNDER 5 TO WOMEN 15 To 44 IN 1910, 1920, AND 1930 
FOR URBAN, RURAL FARM AND RURAL NON-FARM IN THE STATE OF ILLINOIS* 














Children Women Children 
Group and year under 5 years between under 5 per 
of age the ages of 1,000 women 
15 and 44 15 to 44 
} 
Uo in cnnatibcstideciguatiitumonstads 615 ,826 1,897,051 325 
TIES EES IES AALS I SE SRI ri 655 ,073 1,568,403 418 
RE BEtntcbcinae > ccuwudink sabdewicnbeddinse 597,989 1,381,171 433 
I cise eisai nesta iste Gbdadiniantvndiasitied 436,492 1,485,223 294 
elit lc aminbelinned . 1,123,373 380 
EST Stas EUS eae Regs 348,445 909 ,330 383 
Rural . 411,828 435 
92,822 201,555 466 
86,512 210,273 4il 
224,088 445,030 504 
249 544 472,041 529 

















* From the United States Census of 1930. 


A further study of population movement, including rates of natural in- 
creases, types of migration, and composition of the population would reveal 
many other significant ways in which the town and country are interdepend- 
ent. If the farms of the state, and of other states, are to be the proving 
ground for the future population of the towns and cities of the state, then 
the urban people should be very much interested in the types of institutions 
which rural people have to educate their children, protect the health of these 
children and develop them into normal productive and influential citizens. 
If the institutions 9f the rural communities are to produce the kind of citi- 
zens needed for the.best interests of all our communities, then the urban 
communities have a responsibility to the rural communities in helping sup- 
port these institutions and in making them just as effective as are the insti- 
tutions in the city for educational purposes, for the protection of health, 
and for the training of future wage earners. Moreover, the type of culture 
which is developed among rural people has a great deal to do with the level 
of culture which will be found in the cities, and since America is beginning 
to grow up it is increasingly important that its people give attention to the 
conservation of human and cultural resources as well as physical resources. 
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Agriculture for All Rural Schools 


Charles H. Oathout 
Western Illinois State Teachers’ College, Macomb, Illinois 


As good a statement of the aim of education as I have ever heard is the 
following:—“The aim of education is to help the child to meet life success- 
fully, and fully, and happily.” 

Two centuries ago an educated person was one whose mind was filled 
with Latin, Greek, philosophy, etc., all of which made him appear very wise 
and superior to the so-called uneducated, but none of which was of the 
slightest value as an aid to solving the great problem of life, that of making 
a living. But in more recent years educators as well as other people have 
been leaning more and more toward the idea that an education that lends 
no assistance in this all important problem is falling far short of fulfilling 
its greatest function. 

Several years ago J. D. Eggleston of Virginia Polytechnic Institute said, 
“Ninety-seven out of every one hundred of our children go out into life 
unable to apply their so-called education to the immediate problem of mak- 
ing a living, a problem that immediately confronts that number. ae 
The child should get at the school and through the school, everything he 
needs for his normal growth as a citizen. The value of an education is in 
its application.” 

Elliott R. Downing of the School of Education of the University of Ohio 
said, “The chief need in science instruction today is a more efficient organi- 
zation of the course of study with a view to socialization and practical 
application.” 

Dean Emeritus Eugene Davenport of the Illinois College of Agriculture 
once made the following statement, “The true measure of success in teaching 
agriculture is found in the performance of those who actually go to the farm 
and live there and succeed. The living force in agricultural materials lies 
in two facts: first, that agriculture is a part of nature; and second, that 
by these agricultural materials we make use of the natural facts and forces 
for the definite end of sustaining life.” 

The old idea that a subject must have either a practical value or an 
entirely unconnected cultural value has for some time been giving way to 
the idea that it may have both. In an article published in the Illinois 
Teacher, Miss Etta Larson of the DeKalb Township High School said in de- 
fense of bookkeeping, that skill subjects are not necessarily “narrow in their 
scope, that work and culture are not incompatible.” Former President Kinley 
of the University of Illinois brought out the same point very strongly in 
the Illinois Alumni News. He went farther and said that no subject can be 
taught, regardess of what it is or how practical it may be, that does not 
have a cultural value. 

Many others have the same view. Certainly we can agree that no one 
is properly educated who does not profit by it both practically and culturally. 

All this leads to the point that agriculture fulfils both of these aims as 
fully and completely as it is possible for any subject to do. The study of 
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the germination of a grain of corn or wheat is very practical. Yet no other 
study can stimulate greater interest in the wonders of nature and reverence 
for nature’s God. As the poet puts it, 


“Whoever plants a seed beneath the sod, 
And waits to see it push away the clod, 
He trusts in God.” 


In the State of Illinois 430,000 men and women do the farming. The 
sons and daughters of these men and women are to be the future farmers 
and their wives. If we take into consideration all the possibilities for higher 
education for these young people we must conclude that less than one in 
ten of them ever receives any other education than is offered in the rural 
schools. By this I mean not only the schools provided by communities of 
2,500 or less, but a very large percent go no farther than the one room 
country schools. If ninety percent or more of our future farmers receive 
only such education as is provided by these schools, here is their only chance 
of receiving any scientific agricultural training whatever. 

To point out the desirability of an agricultural education for those who 
are to operate our farms is not the object of this paper. That is taken for 
granted. But the object is to point out that such education should begin in 
the common schools, in the grades where most of the future farmers get 
their education. It is here that our educational system is most lacking. 
We still force these children to attend school for a certain period each year 
where they are crammed with fads and fancies which they know full well 
will never be of any value to them, either practical or cultural. 

There are now in Illinois more than 28,000 young people, mainly of rural 
districts, who are members of 4-H clubs, and in the United States as a whole 
there are approximately a million. Why do they go into these clubs? No 
one forces them to do so. We have no law which says that a child must 
belong to a 4-H club. In fact I have known young people to join these clubs 
in spite of the opposition of their parents. Is it because of perversity? Not 
by any means. It is because of the fact that, with wisdom and judgment 
sometimes superior to that of their elders, they can see that here is some- 
thing of vital interest, something that is going to be of use in making a 
living in the future. 

The shameful thing about all this is that leaders of 4-H clubs get no 
pay for that valuable work, while we do pay the teachers for teaching things 
the children do not want to know, and in too many cases, things of no use 
to them now or in the future. 

All such work as is done by 4-H clubs should be done in the schools 
where teachers are paid for their work. Nor should it wait for the high 
school, but beginning very early in the child’s school experience, probably 
at the very start, his school work should be permeated and coordinated 
thoroughly with the scientific facts of agriculture, just as at present his life 


experience from the earliest is interwoven with the mechanical acts of 
farming. 
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Some Proposed Curriculum Changes in 
Vocational Agriculture 


L. V. Slothower 
Ashton High School, Ashton, Illinois 


After having taught vocational agriculture in practically the same 
identical manner for the past eight years, I have come to the very definite 
conclusion that a change is in order. If teaching may be compared with 
industry, with invention, or with any of the other phases of this modern 
world, I’m certain that an eight-year-old “model” is out of step and that it 
should be replaced. I cannot understand how we may expect progress in 
education through faithful repetition of the same courses in the same way 
from year to year. Drastic curriculum and procedure changes have been 
made in our elementary schools during the past few years, but I am afraid 
our high schools have lagged behind in this important work. 

As vocational agriculture is now taught in the majority of departments 
in Illinois, we offer soils and crops to freshman classes, animal husbandry 
to sophomores and so on through the four year course. Each year is divided 
from the preceding one in a nicely classified, unrelated, compartmentalized 
manner! The fact that the courses are not related is easily proved when we 
admit that a boy may enroll in any one of the four courses irrespective of 
his previous work in agriculture. As a matter of fact we alternate courses 
in most small communities because we do not have a large enough enroll- 
ment to teach all four courses each year. As a consequence we teach soils 
and crops one year and alternate it with animal husbandry or farm man- 
agement and marketing. This is a most convenient situation but one which 
I seriously doubt as having any other merit. 

I have the firm conviction that each year of agriculture should con- 
tribute towards the next—that the elementary phases of the work should be 
offered the beginning classes, and that the time for specialization and techni- 
cal work should come in the junior and senior years. I have learned from 
experience that time spent with freshman boys on a detailed study of soil 
classes, soil bacteria, plant diseases and other rather technical subjects is 
time wasted. I am positive that the average freshman is not mature enough 
mentally to grasp the meaning of such work, and that it might have greater 
effect and usefulness if taught in the junior and senior year. The fact that 
I have many former students coming to me for help upon subjects which 
they had studied as freshmen leads me to believe that something is wrong 
with the method of presenting the agriculture course in my community. This 
past winter we offered an evening school in dairying and a great many 
former students came in for the various sessions. I asked them why they 
should need to attend an evening school in dairying when they had had a com- 
plete course in it while students. They very politely told me that at the 
time they studied dairying they thought they wouldn’t need a great deal of 
the information, and that they never did quite understand the meaning of 
proteins, carbohydrates and other technical terms. In other words, they 
studied dairying in a concentrated, cram-style form as sophomores, and 
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promptly proceeded to forget it after passing the final examination. If the 
work in dairying had been presented over a four-year period, with each year’s 
work contributing to the next, I believe that a great deal more information 
would have been retained. 

In order to revise my curriculum, I shall have to divide the different 
enterprises now taught in the regular courses. These enterprises will be 
spread over a four-year period in a graduated, progressive manner. For 
example, shall we teach anything about soils to freshmen? If so, what are 
freshmen capable of understanding from a soils standpoint and just how 
far should we go? In my preliminary outline for my soils course, I find 
that I more than likely will not give them any work on soils until the second 
semester of the sophomore year! I am positive that I am not going to 
attempt the teaching of “Feeds & Feeding” until the junior year. Proteins, 
carbohydrates, amino acids, maltase, etc., just simply do not mean much to 
the average sophomore. I am firmly convinced that their mental makeup 
does not grasp the full meaning of a great deal of the work we expose them 
to as freshman and sophomore students. The mental makeup of a Junior 
is vastly different from the mental status of a freshman—as different as the 
other rapid adolescent changes during this stage of their life. 

Starting next year with my freshman class, I intend to give some work 
in dairying, some in poultry, some in farm mechanics, some work in all of 
the major enterprises now offered in our regular three year course. The 
various units of animal husbandry will more than likely be discussed from 
a project standpoint in the first year, while they will be taken up from a 
farmer’s viewpoint on a herd basis in the following years. If we find with 
certain freshman classes that no one is interested in dairying from a proj- 
ect standpoint, I see no reason for forcing that particular group to spend 
a week on dairying when that time more than likely could be used to greater 
advantage in discussing projects which were desired and which were being 
put into practise. The initiative of the instructor will determine whether 
or not certain subjects should be discussed—this, combined with the interests 
and needs of each group will map the course for the first year. The second 
year in dairying will find us taking up such units as dairy breeds, starting 
the purebred herd, feeding for milk production and other topics. The third 
year we shall take up feeding for milk production again, but from the ad- 
vanced aspect of the chemical composition of feeds and the calculation of 
rations. In the senior year we shall consider dairying from the standpoint 
of latest experimental findings, pedigree analysis, and special problems which 
are particularly suited to our community. 

I realize that a great deal of work must be done in order that this plan 
may operate properly. I realize also that it means keeping a complete record 
for each group for each year in order that the instructor may know just 
how far each class Has gone. My main objection to the plan at this writing 
is the fact that it will take four years to make the change. Some fellow 
teachers have objected to it because it does not consider the transfer student. 
I agree that it will make it difficult for students transferring from schools 
that have the present system, but I feel certain that here again the initiative 
of the instructor will aid materially in removing this objection. My attitude 
is somewhat similar to that of the pioneer—nothing ventured, nothing 
gained. I am going to try something new—I can always go back to teaching 
vocational agriculture as I do now in case the plan will not work properly. 
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Influence of the Chemical Composition of Soils 
Upon the Maintenance of the Turf on 
Lawns and Golf Courses 


H. J. Snider 
University of Illinois, Urbana, Illinois 


ABSTRACT 


A smooth, dense and uniformly green turf is desired by all who are 
interested in attractive lawns. If such a type of lawn is to be created and 
maintained, a great deal of careful planning and good management must be 
put into the enterprise. In a great many cases the condition of the soil may 
be far from ideal and the turf may suffer from malnutrition and lose many 
of its desirable qualities. None of the species of lawn grasses commonly 
used will produce a satisfactory turf on soils which are either too acid 
or too alkaline and which have any considerable deficiency of the essential 
plant food elements, nitrogen, phosphorus and potassium. The construction 
of a lawn is often faulty, and a lack of uniformity in the soil, more especially 
the surface soil, is frequently the cause of unsatisfactory turf. A lawn soil 
profile should have at least a depth of four inches of surface loam made 
up of uniformly rich black soil, and all stones, gravel and other compact 
or solid material should be at least 20 inches below the surface. Golf 
course fairways have not usually been disturbed by building operations 
and are as a rule more uniform from the soils standpoint than are lawn 
soils. 

Some research work was conducted on soils taken from the University 
of Illinois campus lawn and the University golf course fairways. The 
object of this work was to determine if there were differences in chemical 
composition between soils which were growing a desirable turf as compared 
with those which were growing an undesirable turf. The desirable turf 
might be described as one which is smooth, uniformly dense, relatively free 
of weeds and of a deep green color. The undesirable turf is almost the 
opposite of this. 

The soil samples were collected to a depth of approximately six inches 
from areas of lawn upon which the turf was apparently desirable and in 
like manner from areas where the turf was undesirable. In addition to 
this, a number of areas of lawn were studied by taking soil samples from 
the surface two-inch depth (0-2) and a second set of samples from the 
same areas at the two- to four-inches depth (2-4). Chemical analysis con- 
sisting of the determination of the hydrogen ion concentration, total nitrogen, 
soluble phosphorus and replaceable potassium were made on the air-dry 
samples of soil and the quantitative results reported in pounds per two 
million pounds of soil., 
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DISCUSSION 


There was found a distinct difference in the average chemical com- 
position of the soils from areas having a desirable turf as compared to the 
areas having an undesirable turf. The undesirable condition of the turf 
in the majority of cases (75 per cent) was apparently due to improper 
reaction of the soil or a deficiency of some one of the essential elements, 
nitrogen, phosphorus and potassium, or an improper balance among these 
factors. The undesirable condition of the turf on the soils studied may 
have been due, in a number of cases, to causes other than those discern- 
able by chemical analysis of the soil. This is illustrated by the fact that 
six of the 24 comparisons (25 per cent) gave little relative evidence of 
a relationship between the composition of the soil and the undesirable 
condition of the turf. 

The analytical results indicate that the addition of lime to these soils, 
especially the undesirable areas, is of far less importance than the addi- 
tion of some forms of nitrogen and available phosphorus in order to main- 
tain a desirable turf. The desirable range for bluegrass is given as pH 
5.6 to 7.4. The reaction of the soils from the areas of desirable turf 
averaged pH 6.4 and 6.5, and the undesirable areas averaged pH 6.0 and 
6.5 indicating that the reaction of most of the soils come within the 
desirable range. Approximately 60 per cent of the areas of undesirable 
turf were low in available phosphorus, approximately 20 per cent were low 
in nitrogen, and about 12 per cent were low in available potassium. 

The undesirable turf areas on the golf course fairway soils, are in need 
of moderate amounts of lime (pH 4.9 to 5.3) and show a need of additional 
nitrogen, phosphorus and potassium. The soils of the desirable turf areas 
on the fairways are apparently well supplied with these fertility elements. 

There was an accumulation of nitrogen, phosphorus and potassium in 
the surface two-inch layer of soil on both the lawns and fairways. In the 
fairway soils this was probably due largely to the decomposition of grass 
clippings which accumulated during the many years of care given the 
fairways. This indicates that the grass clippings are of considerable value 
in maintaining the fertility of the soils on lawns and golf courses. 
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Adult Education in Agriculture 
J. N. Weiss 


Dixon High School, Dixon, Illinois 


Throughout my sixteen years of teaching in Dixon I have offered eleven 
years of instruction to adult farmers of the community, during the winter 
months. In that period several different methods were used with varied 
results. 

The objective during the first three years was to get as many farmers 
in the community to attend the meetings as possible. Current agricul- 
tural problems were presented in a formal lecture by an outstanding 
authority from an agricultural college, or the State Department of agri- 
culture. These meetings were successful from the standpoint of satis- 
factory attendance, and the valuable information presented, but in check- 
ing the value of the meetings from the standpoint of the improved farm 
practices adopted, which were recommended at the meetings, very little 
could be found. 

During the next two years the general policy was changed so as to 
include a series of two or three lectures by successful farmers or farm 
managers on different farm enterprises such as beef cattle, dairy cattle, 
alfalfa production, soil fertility, etc. Motion pictures and stereoptican 
slides were used to make the meetings more attractive and to secure a 
large attendance. This type of instruction was entertaining and quite 
practical, but still very little improvement was noted in actual practice 
by the farmers who attended the meetings. Upon inquiry from individual 
members it was found that many of the methods, which they would like 
to adopt, were not explained in sufficient detail to make the adoption 
possible or, in other cases, the cost was thought to be prohibitive, and 
would not be profitable on their farm. This condition may have been 
prompted by the fact that most of the speakers were farm managers of 
large estates or farmers with sources of income other than that from the 
farm. 

In 1931-32 it was decided to confine the course of instruction to one 
topic, “Profitable Dairying”, because Dixon is primarily a dairy community 
and approximately fifty per cent of the annual farm income is from dairy 
products. An advisory committee of seven successful dairy farmers was 
selected to outline the topics which they thought would be of most in- 
terest to the members. Each committeeman secured the enrollment of 
four or five men in his respective community, who were primarily dairy 
farmers. It was decided that the meetings should be round table discussions 
with the vocational agriculture teacher serving as chairman and leader. 
The committee decided to meet each Monday night, for a period of twelve 
weeks, from 7:30 to 9:00 P. M. The course was started with an enrollment 
of twenty-five members, and because of their enthusiasm the Farmers 
Evening School became the topic of conversation where farmers were 
gathered to shell corn, shred fodder or hold auction sales. The result was 
that attendance increased at each meeting until a total of seventy-six 
farmers were enrolled, with an average attendance of forty-one, for the 
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entire course. The dairy course proved to be so popular in the community 
that it was continued each winter for the next three years with about the 
same degree of interest. 

As was planned the Conference method of procedure was used in the 
development of the subject matter and proved wholly satisfactory. The 
objectives for the whole course were determined after a local survey of 
the community was made, which revealed situations in which there were 
serious needs for improvement. To prevent rambling and unorganized 
thinking throughout the discussion period the specific objective for the 
meeting was always written on the blackboard before the group, in order 
to keep the group on the topic for consideration. As leader of the discus- 
sion, I have very definite sub-headings under that which I wish discussed 
in order to bring out the required conclusion, and using experiment station 
data to support the experiences of the group. The opinions and sugges- 
tions of five or six individual members of the group are listed on the 
blackboard. These are evaluated: by ranking in order of importance, pro 
and con analysis, or by listing advantages and disadvantages of methods 
mentioned. Results obtained from agricultural experiment stations per- 
taining to the discussion are then presented. We then have before us 
enough material from which to get some decision from the group as to 
the best method or practice. Plans are then suggested by different mem- 
bers as to how to combine or eliminate in order to bring about the greatest 
efficiency. The following week each member is given a mimeographed 
summary of the previous meeting which he may file for future use. 


A few of the specific results of the dairy course may be enumerated 
as follows: 


1. A dairy herd improvement association was organized. 

2. Unprofitable cows were eliminated from the herds. 

3. Alfalfa acreage was increased. 

4. Limestone was applied where needed. 

5. Eight bull pens were built. 

6. Bulls were selected by use of production records. 

7. Balanced rations were fed in proportion to the milk and butter fat 
produced. 

8. Housing quarters were improved, principally by increased sunlight and 
ventilation, 


Some of the more important general results are: 


Stimulates constructive thinking and a desire to evaluate all farm 
methods. 


Develops an increased interest in the other fellow’s problems, which 
naturally leads to a closer cooperation 


Makes them more alert to recent publications or broadcasts which pertain 
to the farm business. 


Develops a much broader outlook on agricultural problems. 
Establishes better relations between the school and the community. 


Adult education in agriculture is comparatively new in the United 
States, but as early as 1850 in England and Scotland there were 112,500 
adults enrolled in Evening Schools!. It was not until 1920-21 that the first 
adult evening schools were established for farmers in the United States 
under the Smith-Hughes vocational education act. Since that time there 
has been a steady growth in the number of schools, which offer this 
type of education. For the purpose of this paper we are more interested 
to know that in Illinois last year, of the 288 schools which offered voca- 
tional agriculture only 60 offered any adult evening courses which is a 
ratio of about one out of five. 


we wo fm 


1Sadler, M. E., Continuation Schools in England and elsewhere, Manchester 
Press, England, 1908, Page 27 


2‘Tllinois Board for Vocationa! Education, Bul. No, 66, Page 19. 
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The vocational agriculture teacher is the logical person to organize 
and conduct adult education in agriculture for the following reasons: 


He is employed by the citizens of the local community. 

He is trained in technical agriculture as well as in methods of teaching. 
He is employed in the community for twelve months of the year. 

He understands the needs and problems of the local community. 

His efforts are concentrated in a comparatively small area and therefore 
can give more supervision to the work. 

He has the cooperation of the cine Experiment Station and the 
department of Vocational Agricultural Education at the University of 
Illinois in furnishing data and literature. 

7. The State Board for Vocational Education and the Federal government 
assist the local community in financing this type of education to the 
extent of fifty per cent of the teacher’s salary. 


Why are there not more adult evening schools in Illinois? A few 
reasons may be: 


1. The Vocational Agriculture teacher may have to teach so many non- 
vocational subjects in addition to the regular agriculture course that this 
extra work is physically impossible. 

An unusually large day enrollment may make it prohibitive (because of 
many reports and activities). 

Farmers in these communities may be very indifferent toward adult edu- 
eation in agriculture. 

The agriculture teacher may be giving too much time to the Farm Advisers 
4-H club program in the community. 

Possibly the local boards of education have not been convinced of the 
value of this type of education. 


But all of these objections can be overcome if the vocational agricul- 
ture teacher is thoroughly convinced in his own mind that adult edu- 
cation is vital to his community. 

The communities’ interests and needs vary greatly over the state; 
therefore, the type of adult instruction for one locality cannot be uni- 
versally adopted, but in every community farmers have perplexing problems, 
which will afford an opportunity for profitable instruction, if properly 
recognized by a study and use of a survey of local conditions. 

From a personal point of view, I have had no greater satisfaction than 
that obtained during my eleven years working with adult farmers in the 
evening school program. I can see no reason why an evening school pro- 
gram should not succeed if the school is organized to meet a real need. 
I am satisfied that the Conference method of procedure is by far the best 
system to use with most groups of adult farmers. 
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PAPERS IN ANTHROPOLOGY 


Extract From THE REpoRT OF THE SECTION CHAIRMAN 


The program of the Anthropology Section carried eleven papers, eight 
of which are here presented. The others are: 

The Future of Archaeology in Illinois, by Dr. J. B. Ruyle, Cham- 
paign. 

Address—Fay-Cooper Cole, Department of Anthropology, Univer- 
sity of Chicago, Chicago. 

The Kincaid Site, Its Relatives and Neighbors, by Thorne Deuel, 
University of Chicago, Chicago. 

Attendance at the meetings averaged fifty. 

The present chairman, Dr. J. B. Ruyle, 9 Main Street, Champaign, 
Illinois, was re-elected chairman of the Anthropology Section for the 1938 
meeting. 

(Signed) J. B. Ruyte, Chairman. 
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Artifacts Typical to Winnebago County 


Floyd L. Barloga 
Peoria High School, Peoria, Illinois 


The Winnebago Indians belonged to the Dacota or Sioux nation. 
During the period of authentic history they wandered into southern Wis- 
consin and northern Illinois and Iowa. In 1812 the Winnebagos of Illinois 
occupied a section, of which this county of Winnebago formed a part. 
To the south were the Illinois tribes, and the disputed territory between the 
two shifted north and south as the fortunes of war favored the one or the 
other. In time the Winnebagos were driven well back within the present 
limits of Wisconsin and were subsequently regarded as a tribe of that 
state.’ 





‘ Mural of “The Winnebago,” Logan Museum, Beloit College, Beloit, Wisconsin. 


The Winnebagos have given a name to a lake, a fort, a village; and a 
county in Wisconsin and to a village, a township, and a county in Illinois. 
Among the most interesting features of the area occupied by the Winne- 
bagos are the large number of earth mounds found. That these mounds 
were made by the Sioux there seems to be little doubt. The effigy mounds 
seem to have been the work of the Winnebagos exclusively. The three 
classes of mounds found in Winnebago County are conical, linear and effigy. 
Effigy mounds are peculiar to a portion of Wisconsin, and are bounded by 
geographic limits, outside of which they are seldom found. In Mound Park 
in Rockford is one of the most interesting effigies in Illinois. It is note 

worthy on account of its great size and fine proportion and more so be- 
cause it is the only one of its kind on lower Rock River. It is generally 
known as “Turtle Mound” but the resemblance to a headless alligator is 
f more striking. The dimensions are: length 150 feet, width, between front 
legs 50 feet, width between hind legs 39 feet, length of tail 102 feet, 
height at highest point 6 feet.2 The effigy mounds were not burial mounds. 








7 . eee Encyclopedia of Illinois and History of Winnebago County,” 
Tol. 2, p. 631. 
?“Annual Report of the Smithsonian Institution for 1877,” p. 245. 
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It was customary for the Winnebagos to erect near the habitation of each 
clan an effigy of their clan animal.’ In other words these effigy mounds 
were, to all intents and purposes, property marks. The conical mounds 
were used for burial in most cases though some may have been the bases 
of lodges or lacrosse stations. 

Mr. F. J. Osborn of the village of Winnebago has opened five mounds in 
which there were skeletal remains. In two of the burials they had been 
buried in a sitting position. Two other burials were bundle burials. The 
fifth was a full length burial and with the skeleton were found a stone pipe, 
copper bracelets, powdered hematite and a small piece of worked flint. 

Some of the more important artifacts found on old Winnebago sites in 
Wisconsin are: implements and utensils made of stone, clay, shell, bone, 
wood, antler, turtle shell, and the claws of animals and birds. Few objects 
were made of stone. The most important of these was the stone axes. 

Unfortunately we have no way of determining, even approximately, the 
age of artifacts of a pre-Columbian nature. The following survey of 
artifacts actuaily found in Winnebago County will represent some specimens 
of the Winnebago Indians as well as Sioux, Sacs and Foxes, Pottowatomies, 
Algonquian and perhaps other tribes of which we know little or nothing. 

The author is indebted to Mr. F. J. Osborn and Mr. C. G. Scott of 
Winnebago and Mr. R. B. Gill of Rockford for their valuable information in 
regard to the surface and burial artifacts collected and recorded from 
Winnebago County and vicinity from as early as 1895 to the present time. 

About 90 per cent of all artifacts found are arrow heads, 75 per cent 
of which are of the notched base type. The balance are stemmed or 
triangular. The workmanship ranges from very crude to very fine. 
Chipped flint spears are rarely over 6 inches in length. 

The polished and pecked stone implements are about 95 per cent celts. 
They are of all sizes and shapes ranging from a few ounces to several 
pounds in weight. The other 5 per cent are the grooved axes, hammer 
stones, net sinkers, grooved mauls, gouges or chisels. Only one fluted 
ax has been found in this region and that in the next county south. 

Pipes are not numerous but have been found of the following materials: 
quartsite, sandstone, slate, catlinite and clay. They range in size from 
very small to large. 

One bone spear has been found and is now in a museum in Massachus- 
setts. Bone tubes and awls have also been found. 

A few hematite plummets as well as a few stone discoidals have been 
found. 

Of the ornaments the pendant is the most common. 

Banner stones of slate and water worn pebbles are sometimes found. 

A few highly polished small truncated cones have been found. 

The following foreign materials bave been used in artifacts found in 
Winnebago County; copper, slate, brown calcedony, obsidian, hematite, 
agatized wood, Flint Ridge, Ohio flint, quartsite, catlinite and soapstone. 
One slate celt has been found in Rockford. 

A unique two headed bird stone of light colored mottled stone has 
been recently found as well as a frog effigy of the same material and from 
the same locality. 

With the Indian Highways formed in Winnebago County by the Rock, 
the Pecatonica and Kishwaukee Rivers it has made a rather interesting 
country from an archeological viewpoint. 


; _ Annual Report of the Bureau of American Ethnology,” 1915-1916, 
p. FS. 
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Stone Artifacts of North American Indians 


Cc. W. Hudelson 
Illinois State Normal University, Normal, Illinois 


There are scattered throughout the United States, Canada and Mexico 

many strange ornamental and problematical forms of artifacts in stone, 
made and used by our aborigines. Those who have studied North American 
Indian culture have been unable to understand all the uses to which these 
objects were put and therefore such objects have been the subject of con- 
siderable speculation. In many cases these ornaments, charms and problem- 
atical forms were made from more or less brightly colored or banded 
stones or from those capable of taking high polish. From this standpoint 
the contrast is quite marked, between the ornamental class and the utility 
or service tools of everyday life, the latter being much more somber and 
plain. Although there is a wide distribution of this class of stone arti- 
facts and further recognizing that many brief articles have been written 
there is great opportunity for much research and study for classification 
and description of all forms of stone artifacts. 
; A study of stone artifacts not only reveals to us a little of the home 
culture of early tribes but is also important for the study of the wanderings 
and movements of tribes whose culture intermingled and modified each 
other. A careful study of the evolution of special artifacts will often help 
to decide how far the evolution was due to the improvement of a settled 
race, and how far due to outside influences. In the beginning, no doubt, 
’ many artifacts were made of wood or some other easily fashioned but perish- 
able material; such tools have not survived, and it is only artifacts which 
were made of harder material that have lasted until the present. What 
we have found can only be a fractional portion of former manufacture. 
When we learn that an invading race brings with them a more varied 
or a less varied series of tools, all that we can properly say is, that the 
new people had superior or inferior manufacture in the particular material 
used. 

Since the ornamental and problematical class of artifacts is found in 
considerable numbers with burials, in graves and mounds, and as they are 
freqently found unassociated with the more ordinary forms of Indian tools, 
they are generally regarded as representing the higher level of stone age 
art. Stone age men in the United States and Canada did not possess 
metals, although they used native copper and hematite (iron) and treated 
them as malleable stones. 

The neolithic culture belongs to an age of human culture following 
the paleolithic and is characterized by an advance in civilization denoted by 
more and better implements of stone, by beginnings in agriculture, the 
use of pottery and the presence of domesticated animals. The most typical 
stone artifacts of this period are ground and polished rather than chipped, 
and for this reason it is sometimes called the polished-stone age. The 
neolithic era includes the latter half of the stone age. The kitchen middens 
(dwelling house refuse) of Denmark, the Lake dwellings of Switzerland, 
and the stockaded island, or “crannogs,” (huts built upon pile) of the 
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British Isles, belong to this era. 


called Paleolithic. 


Even though a number of archaeologists refer to the Neolithic age as 
the polished stone age, Quennell states that “Neolithic implements are not 
necessarily of polished stone, as some people seem to think.” Flint was 
still chipped and ground or polished in parts; sometimes completely so. 
Neolithic implements are found on the surface of the ground or just under 


it, and are not dug out of gravel as those of the Old Stone Age are. 


I have obtained a few photographs of the more representative stone 


artifacts which show something of their nature and form. 


The stone age can be divided into two 
periods, the newer stone age, called Neolithic, and the Older Stone Age, 
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STONE ARTIFACTS OF NORTH AMERICAN INDIANS 

1. Celt 13. Mortar 22. Gouge 

2. Chisel 14. Discoidal 23. Notched Hoe 

3. Axe 15. Grooved Hammer 24. Chisel 

4. Spud Stone 25. Spade 

5. Hematite Axe 16. Sinker 26. Celt 

6. Hematite Celt 17. Boat Stone 27. Plain Pipe 

7. Grooved Maul 18. Grooved Hammer 28. Effigy Pipe 

8. Grooved Axe Stone 29. Tube Pipe 

9. Pestle 19. Spherical Hammer 30. Plummets 

10. Discoidal Stone 31. Banner Stone 

11. Pestle 20. Celts 32. Garget 

12. Mortar and Pestle 21. Chisel 33. Pendant 
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The Maul with rounded head and blunt point was probably used for 
pounding and driving stakes, chisels, etc. A badly worn axe may have 
served for the same purposes. 

Celts were used to dress skins of animals and as chopping implements. 
They ranged in length from one to eighteen inches. Many were not 
designed for handles but were held in the hand while others were hafted 
or mounted on handles. 

Chisels may have been used to gouge out wood of logs in making 
canoes, etc. This implement is narrower than most celts and highly 
polished and sharpened at the point. 

Ages were a most useful implement. They are classed as grooveless 
(also called celt) and grooved. The grooved axes were hafted and occasion- 
ally one had a longitudinal groove in the back for insertion of a wedge in 
order to tighten the handle. They were a trusted weapon in warfare and 
were used to cut trees and for some pounding. They range in weight from 
one ounce to thirty pounds, but the average weight is from three to five 
pounds. 

Hematite implements are rare and not so well shaped and polished as 
are those of stone. 

Mortars and pestles played an important part in domestic service 
especially grinding corn, nuts and meat. Small pestles were probably 
used by tribal doctors to compound herbs. Some larger mortars were used 
for cooking purposes. The pestles range from about four to eighteen inches 
in length. It was a slow and tedious process to make mortars. 

Discoidals are problematical as to use but it has been suggested that 
they were used for mixing war paints and medicines also possibly in play- 
ing a game in which the stone was rolled along on its edge. 

Sinkers may have been used as a weight or anchor in holding down 
fishing tackle. 

Hammer stones were used either in the hand or were hafted and 
served as a hammer in pounding, breaking and chipping off pieces of flint 
in making various kinds of flint tools. 

The boat stone is problematical but is thought to have been used as an 
ornament and probably was a tribal totem. It resembles a boat. 

The Notched hoe was hafted at right angles to the handle and used 
in cultivation. The spades were hafted in the split end of a handle and 
parallel to it. They also were used in cultivation. The long flint celts 
were used in a similar manner to that of the stone celts made of glacial 
stones. Extremely long sharp celts were used as knives. 

The most artistic aboriginal work in stone was lavished on tobacco pipes 
which, like all hand-work, were never twice alike and offer among them a 
great range of effort from a simple bowl with a stem continuing in the same 
direction, to an elaborate effigy attached to a stem placed at right angles 
to the main axis of the figure. The tube pipe served about the same purpose 
as the cigaret or cigar holder used today. 

The banner stone was used as an ornament and probably worn on a 
staff in ceremonial or dress parade activities. 

Plummets were used as ornaments, no doubt, but belong to the prob- 
lematical group. They may also have been used as sinkers in connection 
with fishing. 

Pendants were used as ornaments or charms and have a single hole 
near the end for suspension. It is not thought that they were of prac- 
tical use. 

The gargets are classed as one kind of a pierced tablet and are made 
of thin oblong pieces of slate usually, having two tapering holes near the 
center in line of the longer axis. They were also used as a charm or 
ornament. 
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A Red Ochre Mound in Fulton County 


Donald E. Wray 
Peoria, Illinois 


This mound is located in Fulton County on a bluff overlooking the vil- 
lage of Banner. It is on a point formed by the valleys of the Illinois River 
and Copperas Creek. The mound is roughly oval in shape, 42 feet long, 32 
feet wide and from two to three and one-half feet high at present. It rests 
on a large natural deposit of soil which may possibly have been artificially 
shaped, since it is roughly square and flat on top. This forms a rectangular 
platform 70 feet long and 50 feet wide. It is on this platform that the 
mound proper is located. 

The top of the mound is now flat, but that it was formerly somewhat 
higher is indicated by some leg bones which lay just below the sod in a 
position which would place the body above them. We may assume from 
this that the mound was originally at least a foot higher than at present. 
The decrease in height is probably due in part to erosion because of the 
prominence of the mound, but the frequent activities of “pot hunters” have 
no doubt hastened the process. 

The burials in the mound were mainly on the base line, that is about 
three feet below the surface. Another layer of burials probably existed about 
2% feet above the base line. Only one undisturbed burial was found in 
this level, but evidence of other burials was present in the heaps of broken 
bones which former excavators had left. 

The peculiar features of the burials as a whole were that they were 
covered with red ochre and placed in a flexed position with the hands under 
the head. The skeletons did not seem to be placed with any special relation- 
ship to direction or to each other. 

Fifteen burials were found, four of which were infants and children. 
Two skulls from the base level have cephalic indices of 64 and 73, and one 
skull from the upper level is 66. The figures are only approximately true 
for all three skulls show signs of distortion from the pressure of the earth, 
nevertheless they indicate a long-headed type of skull. 

The only objects found in the upper level are a six inch knife of dark 
flint and a small notched arrow point. The base level burials contained a 
number of interesting artifacts; a necklace of 27 rolled copper beads, 4 
cylindrical shell beads, 4 spear heads with turkey tail bases made of dark 
flint, a sherd of grit tempered pottery with squared rim and cord markings 
on both surfaces, a pink stone knife 9” long, a shell spoon and a piece of 
galena. 
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Recent Excavations at the King Mounds, 
Wickliffe, Kentucky 


Blanche Busey King 
Wickliffe, Kentucky 





Mound D, the fourth mound to be excavated of the nine mounds which 
comprise the group of the King Mounds, otherwise known as the “Ancient 
Buried City,” Wickliffe, Kentucky, has been completed only a few weeks. 
These mounds are beautifully located high above the confluence of the 
Mississippi and Ohio rivers, and command a magnificent view of the rivers 
for miles distant. 

This mound is rectangular in shape and measures one hundred and five 
feet by fifty-five feet. Its greatest height is six feet. It presents a very 
vivid picture of the living conditions of an ancient people. The mound 
itself is built over many building sites, as indicated by different outlines all 
large and rectangular in shape, with the exception of one circular structure 
twenty-two feet in diameter. This structure no doubt had some significance 
in their religion—and was perhaps the sacred precinct of the shaman, as 
nothing was found inside—no evidence of fire, etc. It was purposely kept 
clean, One learns from literature pertaining to the prehistoric people that 
ceremonialism was developed to an unusual degree, and the medicine man 
or shaman occupies an important place. 

At the base of the mound the outlines of six small buildings with 
post molds at regular intervals were found. Split cane was woven between 
the posts like a wicker chair and clay mixed with water and grass forming 
a clay wattle plastered the building. They were subjected to fire, both inside 
and out, as the walls show evidence of violent heat. They may have been 
pottery kilns or used for sweat houses, like our modern Turkish baths— 
since this was a center for living. As we have previously excavated the 
Temple Mound, the Council House Mound and Adult Burial Mound, perhaps 
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it was used as a spa, like Hot Springs or various watering places in this 
country and abroad. 

In the middle of one of the structural outlines, three feet from the 
base of the mound, two adult extended burials were found completely cov- 
ered with cypress and other wood bark. We also found a burial pit, the 
bottom covered by stones and six bundle burials. 

One altar was found with a path of post molds on either side leading 
to it. No ashes were found, so it could have been a place where offerings 
of flowers were made; or again, it might have been a work table; all is 
conjecture until the entire story of prehistoric man is completed. 

Five fire pits were found. One raised and concave, two feet in diameter, 
shows evidence of great heat, as it has a layer of fire-hardened clay baked 
almost to a brick. Near this fire pit is the remains of a feast; a charred 





heap of chinkapin nuts, hickory nuts, pecans, beechnuts, pignuts, maize 
kernels, beans similar to lima beans, squash seeds, bones of turkey, squirrel, 
bear, deer, beaver, wolf, opossum, raccoon and other species of animals, 
fowl and fish, bearing concrete evidence of prehistoric dining. 

The great accumulation of kitchen midden proves convincingly that this 
mound was built in a slow and gradual manner and that a large number of 
people lived here at one time. In the kitchen debris literally thousands of 
broken sherds, discarded bone implements and other miscellaneous material 
have been found. So much kitchen midden caused the soil to be very black 
from decomposition. 

Among the bones we found discarded mortars and pestles which we 
know played an important part in their domestic life. Some of the pestles 
are highly polished on the ends from grinding and pounding, so they must 
have pounded the nuts, meat and corn and had hoe cake or bread of some 
kind. Some of the long pestles are like our modern rolling pins; however, 
they were quite heavy and made of stone. We also found many pipes, so 
they probably were inveterate smokers, or used them in ceremonials. 

Many hundreds of spoons carved out of the iridescent mussel shells are 
quite lovely, and not long ago I noticed in a magazine that it is quite 
“de rigueur” to serve caviar in mother-of-pearl dishes, so we are imitating 
the prehistoric people even today. 
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Some of the miscellaneous pieces found in flint are drills, knives, 
scrapers, spear, bird and war points, etc. In bone, fish hooks of various 
sizes, ornaments, awls, a bone dagger eleven inches long, two beautifully 
polished hair pins ten inches in length, celts and needles; ear bobs and rings 
of cannel coal, plumb bobs of sandstone, galena, beaten copper ornaments, 
gorgets made from the carapace of turtles, ornaments from the canine teeth 
of bear, wolf and beaver, shell beads, spoons, gorgets and pendants made 
from flat discs cut from mussel shells. A turkey bone caller with an antler 
tip was found. Perhaps this was a musical instrument, as all races have 
had music of some kind. A number of pottery trowels were also excavated. 

Two unusual and large pendants were found, one of white fluorspar, rec- 
tangular in shape, with rounded corners showing evidence of having been 
surrounded by copper. Because of the fragility of this material, the artist 
showed great skill in his carving. The other pendant is a hand with fingers 





extended, carved out of shell, on the palm of which is carved a Maltese cross 
surrounded by two circles. This pendant must have been very beautiful 
when first made, as it still shows the lovely iridescent colors of the shell. 
A cache of bone implements of various sizes, all beautifully polished, was 
uncovered in a burial—the favorite implements, no doubt, of an artisan of 
some type—perhaps he was the leather worker. 

Three ceremonial fire pits were found with only the ceremonial ashes 
remaining. Another small ceremonial fire pit, surrounded by five skulls, is 
placed near a group of adult burials. 

We also found a skull which had eighteen teeth, instead of sixteen, two 
premolars or bicuspids in the mandible inside the regular line of teeth. In 
the right maxilla of another skull was a large bone growth near the molars 
which were almost twice their usual size. 

Dozens of antler tips and other pieces made from deer antlers and used 
perhaps as “sizers” or mesh gauges in their fishing nets were found. 

The potsherds tell an impressive story of prehistoric textiles, pieces of 
which must have been pressed into the clay while soft, leaving indentures of 
many different designs. Mussel shells were ground and mixed with the clay 
as a tempering agent, and red and yellow ochre used to color it. The 
potsherds also help to define this Indian culture—every sherd, bead, burial- 
outline helps towards completing the entire story. 
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Many effigy pieces were found among the sherds. The most unique are 
the heads of a dog and an owl which rattle when shaken. 

The existence in the mounds of so many articles foreign to the region 
is proof of some established trade route, and we know extensive inter- 
tribal traffic in articles existed from remote ages. Mica from the Carolinas 
used for mirrors and jewelry, cannel coal, copper from the borders of Lake 
Superior, sea shells from the Gulf of Mexico and the Atlantic coast, hematite 
and quartz: from distant mines were found. Extensive trading operations 
brought thdse people in contact with Mexico and its distant races, as some 
of the pottery and copper ornaments are distinctly Mexican in design. A 
handsome plumed eagle bowl shows Central America influence.’ It is diffi- 
cult to realize the extent of their commerce. 

The burials and pottery are distinctly of the Middle Mississippi culture, 
with the exception of the plumed eagle and the human effigy caricature of a 
crouching woman. This effigy type is seen so often that one is led to 





believe she represents some malevolent goddess whose rage had to be 
averted in every household. These show distinctly Central American influ- 
ence. From the several burned buildings one wonders if the old Mexican 
custom of the fifty-tWo-year cycle was used by these people. 

They were an ingenious people. They utilized the human figure in 
many attitudes, and every kind of bird and beast in the prehistoric forest 
is represented in their zoomorphic effigy pottery, pipes, bird stones and 
ceremonials. 

Some of the artifacts are very crude and their use problematical, others 
are admirably wrought and polished and the magnificently chipped flints 
show beautiful workmanship. 

Very few weapons were found with the burials which would indicate that 
here was a peaceful people. The sun and serpent must have been symbols 
in their mythology, as they were used so extensively on their artifacts. 


Without doubt they have some special significance in their religion. One 
wonders if they were sun worshippers. 


_ 1 Eagle bowl here shown was photographed by Russell Trall Neville, Kewanee, 
inois. 
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Obviously, this last mound is the children’s mound, for at the base of 
the mound sixty-three infants were found. They are left in situ. There 
was no set method in their burials, as some are on their backs, others on 
their sides, with their feet crossed. Some face each other, perhaps in a 
twin burial, and others have their little knees to their chins in a flexed or 
prenatal burial. One infant had a string of shell beads around its neck 
and near the hand of another lay a beautifully carved white bone doll, three 
inches in length; another had a miniature clay doll, another a tiny clay 
bear; others were surrounded by petite three-legged bowls—one with a snake 
head for a handle, the other in the shape of a small hand; and others in the 
shape of fish and animals; all telling a simple, poignant story of paternal 
love and devotion. So that is one thing apparently that has never changed 
all through the ages—a parent’s love. The Infant Mound, or Mound D, 
is a miniature of the adult burial mound, for the children lie surrounded by 
their chosen possessions. 
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It is fascinating to excavate, for we never know what we are going to 
find—some days nothing, other days perhaps a cache of bone implements or 
fine flint or a bead, or the actual remains of a people who lived in a thriving 
city hundreds of years ago. When I look at these people I am reminded 
of a line in a couplet which inspired the famous sculptor, Lorado Taft, 
in one of his celebrated works: 


“Time goes, you say?—ah, no! 
“Alas, Time stays—we go.” 





Note: Since giving the paper at the Rockford meeting in May, 1937, we have 
found, in Mound E, two caches of prehistoric maize—twenty-eight thousand, one 
hundred and sixty-two kerrels, cobs and other botanical material. Due to the 
charcoal of the burned building, which neutralized the acids of the earth, part of 
the split cane container is preserved. 

On March 5, 1938, an unusual fabric container was excavated from a new por- 
tion of Mound D. Due to carbonization, the type of weave and material can be 
determined. The bag or container was filled with charred prehistoric corn and 
cobs. 
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An Archaeological Reconnaissance in 
Southern Kentucky 


Kenneth L. Knight ‘ 
Illinois State Normal University, Normal, Illinois 


During the first week of April, 1936, I had the opportunity of taking a 
trip into southern Kentucky with a party of three for the purpose of gather- 
ing archaeological materials of that region. Being in an unofficial capacity, 
we limited our work to the gathering of surface material; but naturally 
we ran on to much of interest in the line of burials and camp grounds. The 
area which we covered lies near Scotsville, Kentucky, about one hundred 
miles northeast of Nashville, Tennessee. Shetrone, in his work on the 
mound-builders,? designates this region as the Tennessee-Cumberland area. 
Culturally considered, the area shows close affinities with the Lower Missis- ' 
sippi division, merging with that area all along its western edge. The 
artistic accomplishments of the Tennessee-Cumberland division approximate 
those of the noted Hopewell Culture farther north except in geometrical 
earthworks. The Tennessee-Cumberland area can be divided into two geo- 
graphical subareas that are also justified by the difference of cultural devel- i 
opment. One area comprises the region of the lower Wabash, dividing the ; 
states of Illinois and Indiana and running southward across Kentucky into 
central Tennessee. The other area corresponds to eastern Tennessee and the 
nearby portions of Georgia and the Carolinas. Each of these areas pos- 
sesses a definite nucleus of culture represented in the eastern region by 
the famous Etowah Group of Georgia and designated in the western subarea 
by the stone-grave mounds and cemeteries typically represented about 
Nashville. 
The most prominent characteristic of the area in which we were explor- 
ing was the prevalency of the stone-box graves. On first thought one would 
believe that this type of burial designated a very definite culture, but Jones 
casts some doubts upon this by stating that “the mode of burial employed 
by the inhabitants of Tennessee was only practicable in a region of country 
abounding in flat rocks’”.? Whether or not this characteristic does denote a 
distinct culture, the fact remains that the stone-graves are the marking char- 
acteristic of the area. Jones also holds that this remarkable type of burial 
must have been received from the Europeans, and goes on in an attempt ; 
to prove this statement by presenting an array of apparently convincing i 
evidence. I believe that today, however, little trust is placed in this belief.’ : 
With the aid of the local people, we found a considerable number of 
the stone graves so typical of the area. They were found in large ceme- 
teries, singly, and less often in small, conical tumuli. The locations in \ 
which the mounds were found were typically on bluffs along the rivers of ; 
the region. i 
The stone graves were seldom more than a foot below the surface. 
Apparently a shallow grave was excavated and the sides were lined with 





PIG. 


1The Mound-Builders, pp. 409-412. 

? Explorations of the Aboriginal Remains of Ten Smith i Contribu- 

tions fa ete Vol. 22, p. 15. 1880. 
-» p. 35. 
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thin plates of limestone. After the body was placed in the grave, flat rocks 
were laid across the top and the shallow hole filled in. Many of these graves 
have become apparent to the passer-by because the earth has sunk into 
the grave, exposing the upright edges of the sidewalls. Others, not so 
exposed, have to be located by probing with an iron rod. These graves 
were generally located singly along the high bluffs overlooking the rivers. 
However, on two occasions we found areas where large cemeteries must 
have existed. The fields had been under cultivation for a number of years 
and the great slabs of limestone literally covered the surface of the area. 
The only materials that could be found around these destroyed cemeteries 
were many imperfect arrowheads, scrapers, drills, and knives. In one such 
field that had been plowed only the year previous the slabs of limestone 
still lay scattered about the sunken area of a single grave and just a few 
feet away we found a large celt that had been tossed from the hollow by 
the plow. 

Another type of burial which is less commonly found in the area is the 
conical tumulus built over a few stone graves. Whereas the other types of 
burials already described exhibited no raised area, these mounds stand up 
noticeably above the ground. We discovered one mound of this type which 
had been opened only recently and despoiled of its contents. 

To one possessing mental curiosity it is naturally a matter of interest 
to consider the source of the people typified by the stone graves. Jones 
has worked at some length in an effort to discover the ancestry of the stone- 
grave race.‘ By a process of measuring a great series of crania from the 
stone-graves and a process of comparison he has determined that the people 
of this race very likely belonged to the Toltecan division of the American 
nations. The Tennessee-Kentucky race of primitive man which we studied 
is characterized along with the Toltecs of Mexico and the Inca Peruvians 
by skulls of a quadrangular shape that are remarkable for their want of 
symmetry. Jones concludes this hypothesis by stating that probably the 
stone-grave race is a northern offshoot of the Toltecan division. 

The main emphasis which I wish this paper to give is the seabaiitng 
condition of archaeological remains in the section of Kentucky that we 
explored. Each year sees the cultivation of new tracts of hill land and 
each year the plowshare rips through the stone vault of some grave that 
heretofore had remained hidden in the underbrush. The bones quickly 
crumble to dust in the hot sun and the articles interred with the body are 
hopelessly scattered and shattered. These graves are so shallow as to make 
it impossible not to reach them with the plow. The mounds which show 
themselves by a raised area are probed into by curious natives, who dis- 
gustedly cast away the handful of crumbling bones and the few arrowheads 
or other relics that, the grave may contain. Along with these deplorable 
conditions many commercial collectors from the larger cities tour the area, 
purchasing any materials that the farmers may have and paying the inhab- 
itants for information to hitherto unexplored mounds and cemeteries. Such 
conditions are rapidly obliterating any story that the antiquities of the 
region have to tell to the inquiring archaeologist; and unless a systematic 
archaeological survey is soon made of the area, we may never learn the full 
story of the stone-grave race. 
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Ornamental Uses of the So-called Banner Stones* 


Byron W. Knoblock 
LaGrange, Illinois 


Over a period of years numerous theories have been advanced as to the 
uses to which the Indians put the banner stones, their supposed importance, 
and how certain shapes originated as copies of the European holed axes, 
other frivolous concepts such as effigies of the tail of the whale, have been 
associated to other shapes. In many of the older publications that refer 
to these artifacts the writers had dwelt on the subject but vaguely. In 
fact, at one time it was thought that banner stones did not occur any farther 
west than the state of Ohio. But since these early books were written much 
has been learned about them. A great number of the specimens that have 
since been discovered consist of shapes and types that the writers at that 
time did not know existed. Therefore many of the old theories concerning 
these artifacts can be disregarded. It seems that at this time there is but 
one theory pertaining to their purpose or uses that has survived, the theory 
that they were tribal symbols, ceremonially used; at least this seems to 
be the general belief. There is the question whether or not some of these 
stones were regarded as symbols of a sacred nature. It is very possible that 
a belief of this nature existed. 

While it is very apparent that the custom was to place these symbols 
on the ends of staffs to be used ceremonially, it is believed that they were 
also adjuncts to ceremonial headdresses. Yet I believe that we can consider 
the possibility that the greater part of them were used ornamentally in 
other ways without detracting from their ceremonial significance. 

A favorite theory is that banner stones were insignias of rank to denote 
official authority of the chiefs, medicine men, shamans and priests. In con- 
nection with this same theory it may be supposed that certain shaped forms 
represented a chief’s rank, other shapes the medicine men, shamans and 
priests. Possibly certain shapes were issued to braves that had performed 
some important feat, much in the same manner that we issue medals to 
heroes today. This theory leaves one with the impression that these artifacts 
were but individual possessions. Personally I disregard this theory for that 
reason, and also because of the fact that if these stones were but individual 
possessions they would occur more frequently in mounds. 

A more plausible theory, that seems at this time to be the most 
popularly adopted one, is that banner-stones were tribal symbols, that were 
used ceremonially and were only in the possession of those of authority. 
While this theory may seem directly associated to the previous theory 
mentioned, at least to the extent of possessorship, it is entirely different, 
for it places these artifacts on a higher plane. We may surmise that these 
symbols were highly prized and protected and were regarded with 
reverence by the whole community. Judging from the fact that certain 
areas furnish different shaped banner-stones, it is but natural to assume 
that the widely scattered villages and tribes were makers of different 
Shaped tribal symbols. The fact that they so seldom occur in mounds 

* The article is taken from the manuscript of the author’s forthcoming 500- 


page volume, “Banner-Stones of the North American Indian,” which is expected 
to go to press in the fall of 1938. 
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is another reason to believe that they were tribally owned and were with- 
held from burials and were handed down from one person of authority to 
another. 

Although many theories have been advanced, the subject is still open for 
further discussion, and at this time I shall take the liberty to express my 
opinion on the subject as follows: 

First, it seems that the evolution of banner-stones is a very important 
point to consider in arriving at conclusions. Many of the early perforated 
pebble forms are but one and one-half to two inches in size. Their in- 
signifance may lead one to believe that they probably served as beads, 
pendants, or ornaments that were used in some other fashion. It may be 
possible that some of the larger specimens were put on the ends of staffs, 
but, because of their crudeness and simplicity of lines, we may believe 
they were only individual possessions and were not tribal symbols. 

Second, when the early primary forms developed to their higher plane 
of more decorative designs of beauty, they were adopted as tribal symbols. 
The reason for this decision is because of the one fact that we can not 
side-step; the great number of primary forms that are broken out at the 
ends of the holes, presumably by the inserting of staffs, indicates that they 
were carried as ceremonial symbols. We must not forget to realize that 
considerable time was involved before the early primary forms developed 
to this stage of perfection and were adopted for ceremonial purposes. 

Third, after studying great numbers of primary and blending forms 
from the southern areas I have found that the holes in them will average 
much larger in size than the higher developed and type specimens, that 
occur farther north. It seems very apparent that the early banner-stones 
that were used as symbols were placed mainly on the ends of staffs. 

Fourth, judging from the great number of higher developed and type 
specimens that I have examined, I find that the perforations in them not 
only average smaller in size than those of the primary and blending 
forms from the southern areas, but the perforations in a great percentage 
of them are so small that it is very obvious that they were never made 
with the intention of placing them on staffs. This fact can be noted 
especially by studying the bipinnate banded slate specimens, and one will 
find that many of them have perforations of but 4 of an inch in diameter. 
There are also many that have been drilled from each end with a solid 
stick or a flint drill that left a conical hole from each end, meeting in 
the middle with but a very small opening. Therefore we may be confident 
that the great number of the specimens that have the small perforations 
were never placed on the ends of staffs, and furthermore it is very obvious 
that it would have been impossible to do so. 

Fifth, while it seems very apparent that we can form the conclusion 
that all banner-stones that have exceptionally small perforations were worn, 
I believe that we can also apply this same conclusion on all the higher 
developed specimens in general, including those that have the larger 
perforations, and which we do know were placed on staffs and carried 
in the tribal ceremonies. I arrive at this decision because I realize how 
inconvenient it would be for an individual to carry around with him at 
all times a banner-stone on the end of a stick, waiting for a designated 
time for the next ceremony to take place. Naturally, it would be more 
convenient for them to remove the banner-stones from the staffs after the 
ceremonies and either cache them away or place them in the possession 
of the chiefs, medicine men, shamans and priests. However, it may also 
seem very logical that they were fashioned on head-dresses or worn on 
necklaces or used in other methods of adornment, mainly for safekeeping 
and thus serving them ornamentally. 
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Various Types of Kingston Site Burials 


Anson M. Simpson 
Peoria Academy of Science, Peoria, Illinois 


Of the five types of burials at Kingston Site some indicated careless- 
ness while others showed great care in preparation to honor the dead. 

Carelessness was clearly manifested by fragments of human bones, 
skulls and mandibles scattered about on the village floor and many old 
storage pits containing fragments of skeletons, also shallow pockets in 
the village floor holding parts of human remains. 

Type Number One: This was a platform form burial. It consisted of 
a rectangular dirt platform, seven feet long, two feet four inches wide and 
fourteen inches high, encircled by a layer of three-inch stone slabs on 
which rested two rows of stone slabs set on edge, forming a continuous 
wall around the dirt platform flush with the floor. On this platform rested 
the skeleton of an adult with head to the west and body not flexed. A 
large spawl scraper lay near the pelvic bone. Nothing remained of the 
skeleton but a few fragments of bone, bone dust and the enamel caps of the 
teeth. 

Type Number Two: A bark lined pit burial. The pit was seven feet by 
five feet and eight inches deep, lined with bark. On the bark rested three 
skeletons, side by side, with heads to the west and not flexed. The skulls 
of two were missing. The third was the skeleton of a youth about fourteen 
years old, whose skull appeared te have been scalped. Beneath the scapula 
of the youth were two small triangular chert points. Between the youth 
and the second skeleton, near the shoulder was a copper jacketed wooden 
ear ornament. A small pile of crappie scales (identified by Donald F. 
Hanson, Zoologist, Urbana, Illinois) was between the second and third 
skeletons. At the head of the grave in the right hand corner was a large 
discoidal and near the wall in the pit at the left side of the grave were 
three hammer stones. The burial goods and skeletons were covered with 
a heavy layer of bark. The moisture held by the bark floor had almost 
destroyed the bones. 

Type Number Three: The grave had passed through the black loam 
and a lense of clay twelve inches thick to the gravel below, on which 
rested two skeletons, side by side, extended, and with heads to the south. 
The arms of one were flexed across the abdomen. The bones were very 
soft. This grave contained considerable burial goods. On the right arm 
of the first skeleton was a sleevelet made of 694 clamshell disk beads, 
against which rested a twelve inch flint blade with the point toward the 
shoulder. Near the elbow of the left arm was a one inch crystal bead. 
Just below the feet was a cache of twenty-four triangular, notched, chert 
points. At the head between the skeletons were four copper cups, one- 
half inch in diameter. Three of the cups were crushed. The cups were 
on what appeared to be the remains of a woven mat or perhaps a medicine 
bag. At the head of the second skeleton was an eight inch bowl and a 
grooved sandstone sharpener. At the feet were two more bowls. All the 
bowls were crushed but have now been restored. 
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Type Number Four: This grave was a shallow circular pit and con- 
tained a much flexed skeleton in a sitting posture with head turned to the 
left, facing the west. The bones were in poor condition. This burial con- 
tained no artifacts, but was, nevertheless, an intrusive burial. 

Type Number Five: This burial, also intrusive, was in a shallow grave 
eighteen inches deep. The skeleton rested on the right side with the lower 
legs flexed back. The skull was missing. The bones were very soft. There 
were no artifacts. The grave was partly over a five foot, old storage 
pit and in the over burden of the village site. I might add also that five 
inches below this skeleton, on the village floor, were two sixteen inch, 
shell tempered crushed plates and in the storage pit were fragments of 
eighty-four pots and many broken tools of bone and shell. 
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Monolithic Axes 


Claude U. Stone 
Peoria Academy of Science, Peoria, Illinois 


It is customary at the outset of a discussion to define the topic. Such a 
course is perhaps advisable in the present instance, as there might be some 
who will conclude that due to my long political experience I have chosen 
to speak about political axes—the kind that politicians are always grinding. 
I will admit an exhaustive knowledge of that subject, but monolithic axes 
are something different. 

A monolithic ax is an ax—or hatchet-shaped implement—comprising 
both blade and handle, all cut from a single piece of stone. 

The blade of a monolithic ax resembles many of the stone celts or 
wedge-shaped or ungrooved axes at one time in common use, especially 
among the southern Indians. The monolithic ax may be regarded as per- 
petuating the manner in which axes of this class were frequently hafted and 
carried by the prehistoric people of America for domestic and perhaps war- 
like purposes. The handle or hafting of the monolithic ax is of stone and 
of one piece with the blade, whereas the celt or ungrooved ax had to be 
hafted with a wooden handle. 

The literature on the subject of monolithic axes is very scanty. Very 
few monolithic axes have been found within the United States. 

Warren King Moorehead, writing his Etowah Papers in 1932, said: 
“Ten or twelve monolithic axes have been found in the central southern 
portion of the United States.” 

Jones, in “Antiquities of the Southern Indians,” published in 1873, writes 
as follows about one monolithic ax: (Condensed quotation) “Professor 
Joseph Jones discovered in a sepulchral mound on the bank of the Cumber- 
land river, opposite the city of Nashville, Tennessee, an ax of this class. 
The entire implement was cut out of a solid piece of greenstone. The handle 
is thirteen inches and a half in length, an inch and a half wide, and about 
an inch thick. At the lower end is a hole for the suspension and convenient 
transportation of the weapon when not in actual use. The ax is about six 
inches long, two inches and a quarter wide at the cutting edge, and an inch 
and a half broad at the other end. It is three-quarters of an inch thick.” 

The author, Mr. Jones, further says: “An implement precisely similar 
in material and construction was taken from a grave mound in York District, 
South Carolina, about ten years ago.” 

Warren King Moorehead, in “Stone Age in North America,” on page 
328 writes (condensed quotation): “Some years ago a colored man ploughing 
near one of the larger mounds at Moundsville, Alabama, found a superb 
hatchet and handle carved from a solid mass, probably amphibolite, and 
highly polished. This hatchet was procured by Mr. C. S. Prince, from whom 
it was obtained by the Academy of Sciences of Philadelphia. The hatchet 
is 11.6 inches in length, with a neatly made ring at the end of the handle 
and there is a graceful, backward curve of the part of the handle above 
the blade.” 

Warren King Moorehead in his Etowah Papers, in discussing the exhu- 
mation of skeleton No. 50 in the Etowah Mound in Georgia, writes: “A beau- 
tifully worked monolithic ax something over a foot in length lay at the 
side of the burial. It was wrought from blue limestone and highly 
polished.” 
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Writing further in the same volume, Mr. Moorehead says: “Another, 
but not so beautifully made, was found many years ago in Mississippi 
County, Arkansas, and is now in the collection of Mr. Morris of that 
county.” 

Some of these five specimens are mentioned in other publications, such 
as Thruston’s “Antiquities of Tennessee,” but no additional information 
is given. 

A canvass of the museums and private collections would have to be 
made to learn the histories of all the ten or twelve monolithic axes that 
Mr. Moorehead says were in existence in 1932. The locality where some of 
these specimens were found has not been recorded and the description of 
them has not been given in any publication that is now available. 

The particular specimens which I am scheduled to discuss today are 
not included among the ten or twelve mentioned by Mr. Moorehead. They 
were found September 28, 1935, in Big Temple Mound, near Spiro, in 
LeFlores County, Oklahoma. Four were found together, and according to 
style of construction were in pairs. 

Big Temple Mound is one of a group of twelve mounds extending along 
a distance of about one mile on the Oklahoma side of the Arkansas river, 
about sixteen miles below Fort Smith. At the outset it was excavated 
unscientifically and for purely commercial purposes by several young men of 
the community. Local amateur archeologists manifested an early interest 
and watched the progress of the excavation and took many snapshots of 
material discovered. It is to be regretted that professional archeologists 
continued to be skeptical for such a long period about the remarkable dis- 
coveries made. In the meantime the several young farmers who had leased 
the mound were taking out truck loads of the finest prehistoric Indian arti- 
facts ever found within the borders of the United States. The monolithic 
axes, about which I am speaking today, were among the many things 
unearthed. Finally, although belatedly, professional archeologists became 
excited and prevailed upon the State of Oklahoma to enact a law prohibiting 
all except certified archeologists from exploring mounds. The University 
of Oklahoma now has charge of the further exploration of Big Temple 
Mound. It is sincerely hoped that ultimately a comprehensive and scientific 
publication about this mound will be issued. When the farmer boys had 
control of the digging, from four to seven men were busy with spades and 
shovels. Now, under the direction of the University of Oklahoma, eighty-five 
W.P.A. workers are employed with spades and shovels. Much new material 
has been found and soon it will all be securely boxed up in the basement 
of one of the university buildings at Norman, Oklahoma. 

The inquiry generally is made with reference to any archeological speci- 
men as to the culture classification, but the little that I shall say on that 
subject will be uttered with the greatest hesitation. That is a field of specu- 
lation, confusion and controversy that I am reluctant to invade. Perhaps I 
should protect myself by stating as the professional archeologist invariably 
does that it will require further exploration and study to reach a positive 
conclusion. Anyhow, some one might produce a tiny potsherd and then all 
other evidence would be knocked into a cocked hat and the culture would be 
fixed as woodland, middle Mississippi, Cumberland-Tennessee, et cetera as 
the case might be according to potsherd rules. 

I shall with caution merely suggest that the presence of monolithic 
axes in a mound might indicate southern Mexican or Central American— 
perhaps even Mayan influence. If one examines the picture of the Elephant 
Headed God Chac, as shown in the Dresden Codex, it will be observed that 
this Mayan God has what appears to be a monolithic ax in one hand. Again, 





banal 
= 





~ Blab ehwrac ee 











Se es lO .hhCU 


eo or t Se 














Anthropology—1937 Meeting 99 


maces, scepters, disks, decorated shells and other Mayan artifacts have been 
found in the several mounds where monolitic axes have been found. Such 
artifacts were found in great numbers in Big Temple Mound. However, I 
shall leave the question of particular culture for others to determine. I am 
content for the present to think of them as belonging to that one general 
culture as shown by unity of physical traits, unity of ideology, etc. of the 
people that held sway over America before its discovery by Columbus. 

There is one attribute suggested by these monolithic axes that is not 
comprehended in the “Cultural patterns, phases, aspects, foci and com- 
ponents” of the professional archeologist, that is the attribute of beauty or 
art. Fortunately, that is, according to my way of thinking, there are some 
archeologists and collectors who have not been carried away by the present 
craze or style for scratching through rubbish and garbage heaps for frag- 
ments of pottery to the exclusion of all other remains and artifacts of 
primitive Americans. Persons under the spell of this craze for potsherds 
laugh in scorn at anyone as a person of perverted and monstrous tastes and 
mentality who seeks beauty in a prehistoric “relic” as they disparagingly 
term any artifact that shows skillful workmanship. Too often the profes- 
sional archeologist in studying scraps from refuse piles in his attempts to 
establish cultures, loses the artistic appreciation that certainly was one of 
the fine characteristics of the prehistoric American Indian. Such so called 
archeologists fail to see the woods because the trees are constantly in the 
way. They are like the technical botanist who loses the beauty of the 
plants and flowers in tearing them to pieces in his efforts to classify them. 

Perhaps I should admit it shamefacedly, but these monolithic axes are 
undoubtedly able to pass as pretty pieces. Undoubtedly the Indian who once 
possessed them thought likewise and valued them because of that fact. 
Some Indians were artists even if some archeologists are not. They could 
find in their back yard a rock or piece of stone which would serve to make 
an ax, a pipe, or other necessary tool. But they were not content with any 
piece of stone or the quality of workmanship that would merely serve the 
purposes of utility. They would travel hundreds of miles to find a rock that 
was pretty and would take a high polish and they would fashion that rock 
with all the skill of a modern lapidary into a thing of beauty. Doubtless 
they were thrilled and filled with joy as they viewed a masterpiece turned 
out by their own hands. We can gain a higher estimate of the character and 
the civilization of prehistoric Americans if we study what were their prized 
possessions instead of what they sent to the dump. The civilization of any 
people can best be judged by their parlors rather than by their alleys—or 
at least we should be fair and consider both and judge from both. 

I admit that I like pretty pieces—pieces that show skill and a sense of 
symmetry and beauty in their construction. I like them because I believe 
the Indians liked them. 

Many people who have visited Greece and Italy have felt elevated and 
inspired as they viewed the ancient sculptures, paintings and buildings of 
those two historic countries, although they did not know the names of the 
artists or the particular five foot square upon which they did their work or 
where some fine example of it was found after the passage of centuries and 
in leaving those countries they have exclaimed with the poet about “The 
glory that was Greece and the grandeur that was Rome.” 

If we should contemplate with a proper sense of appreciation the genius 
and skill and artistic conception of the prehistoric American Indian we 
would be compelled to exclaim about the glory and the grandeur of the first 
Americans. 

















PAPERS IN BOTANY 


Extract From THE Report OF THE SECTION CHAIRMAN 


The Botany program carried twenty-five papers, of which twenty-three 
are here represented. The others are: 
Botany in a Large City High School, by Ruth Williston, Oak Park 
and River Forest Township High School. 
Testing for Organization Ability in Biology, by C. E. Montgomery, 
Northern Illinois State Teachers College, DeKalb. 
Average attendance at the meeting was seventy. 
Paul Houdek, 710 North Cross Street, Robinson, Illinois, was elected 
chairman for the 1938 meeting of the Botany Section. 
(Signed) Nem E. Stevens, Chairman 
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Tiny Toadstools on Crop Plants in Illinois 


G. H. Boewe 
Illinois State Natural History Survey, Urbana, Illinois 


Records of the occurrence and distribution of tiny toadstools on small 
grains and fruits in Illinois are rare, and have been made only in recent 
years. The first collection of a toadstool parasitic on wheat was made 15 
years ago in Madison County by Dr. P. A. Young who described it as 
Marasmius tritici* It has been collected on other small grains in the north- 
ern half of the state, once on oats and rye and twice on barley. Affected 
wheat plants have been found in 8 other widely separated counties, ranging 
from Knox on the north to Alexander in the south and Edgar and Wabash 
along the east side of the state. Marasmius tritici is not limited to small 
grains but has been collected on two grass hosts, Agropyron repens (L.) 
Beauv. and an unidentified species. 

The second kind, a species of Naucoria shown in figure 1, was collected 
by the author in the summer of 1935 on wheat, rye, and barley. The first 
collection was made from wheat May 16 in Massac County. Later in the 
same year, collections were made on barley in Randolph County and on rye 
in two widely separated counties, Vermilion and Carroll. In 1936, the fungus 
was found on wheat in the same field as in the previous year, but it was less 
abundant, probably due to the dry weather. 

While fruit trees are known to be attacked by the wood-rotting fungi 
which produce large sporophores, there are only three records of the occur- 
rence of tiny toadstools on apple and pear in the state. The first collection, 
made in 1930 in Adams County, was a Marasmius found growing on one 
of the larger limbs of a Grimes Golden apple tree. In all probability this 
plant was saprophytic, since it was growing on the outer dead bark of the 
limb. The second record is from Clay County, where Marasmius pyrinus 
Ellis was collected August 20, 1934, on one living pear leaf. The fungus was 
growing on a portion of the leaf killed by a leaf miner. The original descrip- 
tion of this fungus was made from toadstools growing on old fallen leaves. 

The third collection of tiny toadstools on fruit trees was made August 
14, 1935, from old apple trees in an orchard in Marion County. There were 
approximately 150 trees of the Wealthy variety in the planting and every 
tree examined showed signs of infection. This fungus, shown in figure 2 
and provisionally called Marasmius pyrinus Ellis, has sporophores as large 
as the smallest in Ellis’ North American Fungi, No. 401. The stipe of the 
fungus on living apple twigs is filiform and about 3 mm. long, and the pilei 
are very small, membraneous, and lighter in color on the under surface. 
The most noticeable characteristic of trees attacked by this fungus is the 
peculiar cankers produced by the splitting and rolling of the outer bark of 
the smaller twigs, which is shown in figure 3. The splitting of the bark is 
due to pressure exerted by the formation in the inner bark of a stromatic 
cushion from which the sporophore arises. Usually only one sporophore 
occurs on a stroma but occasionally two grow very close together. 


21Young, P. A. 1925. A Marasmius parasitic on small grains in Illinois. 
Phytopath. 15(2):115-118. 5 figs., bibliog., Feb. 
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EXPLANATION OF FIGURES 


Fig. 1.—Sporophore of Naucoria species on dead tillers of barley (left) and 
wheat (2 plants at right). Note the shredded condition of remains of tiller in 
center plant. (% natural size.) Fig. 2.—Showing tiny sporophore of fungus on 
living apple twigs. Note raised portion in center of spot, stromatic cushion to 
which sporophore is attached. (4/5 nat. size.) Fig. 3.—Apple twigs showing typical 
cankers with rolled edges of split bark, thus exposing stromatic pad. 4/5 nat. 
size. ) 


(Photographs by Ray Hamm, University of Illinois Photographic Laboratory.) 
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Regions of Growth in Hypocotyls 


Charles E. Brian and E. L. Stover 
Eastern Illinois State Teachers College, Charleston, Illinois 


This work was first begun in connection with a study by Mr. Stover of 
cell differentiation in hypocotyls, particularly that of the origin and de- 
velopment of the secondary thickenings of the walls of the xylem elements. 
In order to do this we first wanted to determine the region or regions of 
growth of which this paper is the result. Only one other study of the growth 
of hypocotyls could be found, and in this there were no recorded measure- 
ments of the growth regions.’ 

An extensive study has been made of the regions of growth in hypocotyls 
of lima bean (Phaseolus lunatus, L.), watermelon (Citrullus vulgaris, Schd.), 
and castor-bean (Ricinus communis, L.). 

All seeds were germinated and grown between damp paper hand-towels 
in white porcelain pans placed in dark drawers. The seeds were disinfected 
by washing in a solution of 5% formaldehyde, and then rinsed in distilled 
water. Only distilled water was used in keeping the plants moist. The lima 
beans and watermelon seeds were grown at room temperature (22 C.); the 
castor-beans were kept in a warmer room of about 32 C. The castorbean 
seeds, when kept at room temperature, grew very slowly, and usually were 
soon destroyed by a brown endosperm rot. 

The hypocotyls of the different seeds in their early growth were divided 
into four equal segments, the first segment being immediately below the 
cotyledons, and the second, third, and fourth in the order named toward the 
root. 

The markings were made on the young hypocotyls in black carbon ink 
with fine glass capillary tubes which held a supply of ink. By using these 
tubes instead of pens, which were too large and blunt, or needles, which did 
not hold a supply of ink, a fine round stippling point was obtained. In the 
case of watermelon the segments were only one millimeter in length. 

The location of the junction of hypocotyl and root in the very early 
stages of growth cannot always be determined with exactness. In the later 
growth the two can be distinguished by the smooth shiny surface of the 
hypocotyl and the dull white appearance of the root. When the plants were 
held up to a strong direct light, the hypocotyledonary plate, which is located 
at the junction of hypocotyl and root, showed up as a comparatively small 
dark region. If in the later measurements, it was found that the hypocotyl 
and hypocotyl markings did not coincide, that specimen was discarded. 

Measurements were made every 24 hours with needle-like adjustable 
dividers, transferred to a millimeter scale, the length recorded, and the in- 
crease in length determined. Only the increase in length was used in mak- 
ing the charts and graphs. 

Several sets of a large number of seeds of each type were germinated, 
and the hypocotyls measured for several days. The lima bean was studied 
through nine days, the watermelon ten days, and the castor bean only four. 
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It was necessary to begin with approximately 60 seeds in each set in order to 
end the experiment with 15 to 25 seeds, so that an average could be taken. 
Some were lost because they failed to germinate, others were destroyed by 
various fungus growths (in spite of treatment), in others the hypocotyls 
and hypocotyl markings failed to coincide, and in some the root tips were 
broken in handling. 

Lima Bean.—Twenty-five seeds were studied for nine days. The begin- 
ning segment lengths were 3.78 millimeters. The first four days the second 
segment increased in length the most but from the fifth day on, the first seg- 
ment increased by far the greatest. The third and fourth segments increased 
very little, the fourth segment increasing the least. At the end of nine days, 
the first segment (which in the beginning was equal to the others) was 
45.4% of the total length of the hypocotyl. The second was 31.5%, the third 
13.5%, and the fourth only 9.6%. 

Watermelon.—When the watermelon seeds were first germinating, a part 
of the seed coat was broken off in order to expose all the hypocotyl and to 
permit it to grow straighter, because the peculiar heel did not develop quite 
so prominently. 

Fourteen seeds were studied for 10 days. The beginning segment lengths 
were 4.0 millimeters. The first segment grew the most throughout the 10 
days, at the end of which it was 59.4% of the total length of the hypocotyl. 
The second was 22.5%, the third 12.9%, and the fourth 5.2%. 

Castor-Bean.—Soon after the castor-beans were germinated, they were 
operated upon to expose the full length of the hypocotyl for measurement. 
A portion of the endosperm was simply cut away. A peculiar situation was 
met in the study of the castor-bean. At about the second day the endosperm 
began to split away from the cotyledons; on the third day it was far enough 
removed that the young plants starved. This shows clearly the necessity of 
close contact between cotyledons and endosperm to insure absorption of 
digested food from the endosperm. At the end of two days growth the first 
segment had increased 3.84 millimeters, the second segment 2.53 millimeters, 
the third segment .72 millimeters, and the fourth .30 millimeters. 


SUMMARY 


It was observed that the growth of the hypocotyls was decreased by 
daily exposure, handling, and changing of position. 

It has been shown that the region of growth in the hypocotyls of these 
plants is not limited to any one segment, but by far the greatest growth 
occurs in that portion immediately below the cotyledons, the amount of 
elongation decreasing uniformly from the top of the hypocotyl to its hase. 
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Elementary Botany at Northwestern University 


Margery C. Carlson 
Northwestern University, Evanston, Illinois 


Several colleges and universities have been experimenting with the first 
year course in botany in answer to a need for a course which will attempt to 
serve the large percentage of students who do not specialize in botany, which 
will orient the student to his life and give him scientific habits of thought. 

We have changed our procedure in the laboratory and expect to make a 
change in content of the course next year. Since we have taught the same 
subject matter by the old and the new methods it is possible to make certain 
comparisons. ; 

Formerly there were two two-hour laboratory periods per week. The 
student followed directions in a printed laboratory manual, studied the 
material, made drawings and answered questions in a notebook which was 
handed in at the end of the period. The instructor and assistants helped 
and supposedly questioned the student on the topic for study. Notebooks 
furnished the basis for the laboratory grade. Textbook assignments were 
made but their study was not guided. 

We now have two one-hour laboratory periods per week. The class is 
guided in the study of the material by oral directions and questions. The 
topic is discussed in the presence of the material. The student may take 
notes or make sketches as he pleases. Assigned work, which consists of 
organizing, summarizing, relating the day’s work to previous work, and 
drawing of conclusions, is prepared after the period, handed in at the next 
period and corrected, but not graded. Laboratory grades are based on the 
students’ observations and understanding. 

By the new method it is possible to lead the student to draw conclusions 
based on facts which he collects and organizes; he reviews his work with 
the use of lecture notes and textbook soon after its presentation; his note- 
book is his own; he is graded on his responses during the discussions. We 
have found it possible to increase the amount of subject matter, even with 
half the class time. 

Although no exact comparative study of results has been made, the 
grades of students seem to be about the same as with the old method which 
probably shows that they are learning the facts equally well. The chief 
advantages of the new method seem to lie in the necessity for independent 
observation, the training in how to gather, organize and evaluate facts, and 
how to express thoughts precisely and accurately. 
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A Comparative Study of Certain Fungi Cultivated 
on Carbohydrate Media 


A. E. Edgecombe 
Northwestern University, Evanston, Illinois 


This study was undertaken in the hope that some further light may be 
thrown on the reaction of fungi to certain carbohydrates when they are 
grown in a carbohydrate medium. 

Many years ago Knudson, 1917, working in the laboratories at Cornell 
University, discovered that the roots of green plants become discolored and 
partially disintegrate when they are grown on an agar medium containing 
galactose as a component, but on the other hand no deleterious effects were 
observed when other sugars such as sucrose and glucose were used as an agar 
ingredient. 

Because of the nature of their cell wall, fungi often react somewhat dif- 
ferently from the ordinary green plant in their behaviour toward certain 
ingredients found in their immediate culture media. 

For that reason six species of fungi from as many genera were selected 
for this study. To provide as great a variety over as wide a range as pos- 
sible the fungi were chosen to represent the Phycomycetes, the Ascomycetes 
and the Fungi Imperfecti. Phytophthora cactorum and Saprolegnia feror 
were selected to typify the Phycomycetes in this study, Sclerotinia cinerea 
and Physalospora cydoniae represented the Ascomycetes, while Alternaria 
and Roifsii covered the Fungi Imperfecti. 

The three basic media chosen for the experiment were those of Czapek, 
Waksman, and Sabouraud. The principal ingredients in these media are: 


Czapek Waksman Sabouraud 
2 NaNO: 5 Peptone 10 Peptone 
1 KH.PO, 1 KH2PO. 15 Agar 
.5 MgS0O,..7H:O -5 MgS0O,.7H.0 10 Sugar 
.01 FeSO, 15 Agar Litre Water 
15 Agar 10 Sugar 
10 Sugar Litre Water 


Litre Water’ 

The four carbohydrates, selected as ingredients in each of the basic 
media chosen, were glucose, sucrose, galactose and starch. Galactose being 
the supposedly toxic carbohydrate was chosen in contrast to the simple non- 
toxic carbohydrates, namely glucose, sucrose and starch. 

The rate of growth of the fungi and the abundance of mycelium pro- 
duced on the galactose media were compared with the rate of growth and 
abundance of mycelium when the fungi were grown on a non-galactose but 
carbohydrate media. 

In the beginning the main difficulty was to establish a method to grow 
the fungi under uniform conditions of temperature and moisture and to 
record the data at approximately uniform intervals. 
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The fungi were developed in medium sized petri dishes. Sets of six cul- 
tures were prepared for every different test made. Readings were taken 
daily and graphs were made from the average of readings from every set of 
six similar cultures. The cultures were grown in the dark in an incubator 
at a constant temperature of 25°C. 

On recording the data as to rate of growth in equivalent increments of 
time it was found, that unlike the results obtained when green plants were 
grown on galactose media, and their roots, according to Knudson and others, 
showed evidence of toxic effects, the fungi here tested showed no discolora- 
tion of mycelium nor any indication of disintegration of hyphae. 

In most cases tested the abundance of mycelium produced was slightly 
less when the fungi were grown on a galactose agar media than the quantity 
of growth that resulted when the fungi were grown on glucose, sucrose or 
even starch agar media. 

The rate of growth was also slightly less in most cases and there was 
some indication of irregularities in the mycelial hyphae as was evidenced 
by swellings that appeared in various cells of the fungous filaments when 
the fungi were grown on galactose agar media. The size of the colony and 
the width of the hyphal threads were less in all cases in growths made on 
galactose agar cultures. 

Horr (1936), working at the University of Kansas, and investigating 
Aspergillus niger and Penicillium glaucuwm, found that the mycelium was 
produced more abundantly and more quickly when the fungi were grown 
on glucose agar than when the fungi were cultivated on a galactose agar 
media. He ascribed the reduction in the quantity of growth and the pres- 
ence of abnormal structures in the hyphal threads to the toxic effect of the 
galactose in the agar media. 

However, Horr limited his work to the study of two species of fungi 
and furthermore made his experiments by growing the fungi in liquid media. 
He then collected the mycelium, dried the hyphal mass and estimated the 
gain or loss on a percentage basis. Under those conditions Horr found that 
the galactose media always proved to be a toxic or at least a slightly in- 
hibitory culture media. 

The results of the present study, obtained by using a greater number 
‘and variety of fungi, parallel in many respects the fungous changes observed 
by Horr in his studies on Aspergillus niger and Penicillium glaucum, but 
in addition the results also seem to indicate that galactose as an ingredient 
of an agar media does not exert the same definitely deleterious effect on the 
mycelium of fungi as it does on the roots of green plants, such as the garden 
pea. The difference in behavior toward galactose between green plants and 
fungi may be due in part to the nature of the fungous wall, to the manner 
of feeding by the fungus or to the ability by the fungus to more readily 
utilize the galactose. 

In all cases observed there was some slight retardation in the rate of 
fungous growth, a slight depreciation in the abundance of mycelium formed, 
a slightly narrower hyphal thread, some reduction in the size of colony 
formation, and an increase in the abnormal structures formed. 

The fungi are slightly retarded in their growth responses in the pres- 
ence of galactose in the media, but there is no prolonged retardation of 
growth, either in rate, or in abundance of mycelium, and there is never any 
evidence of discoloration or disintegration of the mycelium. This may be 
due to resistance on the part of the fungus or to its manner of securing and 
synthesizing food materials. 
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Several suggestions have been made to explain the deleterious effect of 
galactose on the growth and development of plants in artificial culture. 
Knudson suggests in his studies on pea that the toxicity might be due to 
the oxidation products of galactose. Maximov on the other hand believes 
that the retardation in growth is due to the slower utilization of galactose 
by plants due to the peculiar structural configuration of galactose. Horr 
working with Aspergillus niger and Penicillium glaucum, thinks that the 
retardation in growth and the development of abnormal structures are due 
to the fact that galactose is a poor source of carbon. 
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Botany in a Small High School With Access 
to the Country 


Sister Claretta Easter 
Aquin High School, Freeport, Illinois 


Aquin High School has an enrollment of about one hundred seventy-five 
students. Biology is offered as an elective to the sophomore class—twenty- 
four of the thirty-four elect it. A carefully planted campus, the “laboratory” 
work of the biology students from year to year furnishes a good proving 
ground for botanical effort. Others are Krape’s Park, the Forest Preserves 
in Winnebago County and Apple River Canyon, Jo Daviess County. 

Textbook teaching ignores the first tenets of scientific procedure in that 
it fails to produce the object under discussion. The basic text as such is a 
ball and chain for most of our teachers. Accordingly I abolished the text 
for a year as an experiment. The results were gratifying. Thus the field, a 
boundless laboratory, becomes the logical alternative in which to observe 
and live life, hence there is no monotonous routine. 

Modern science owes its progress to the fact that it has sought truth by 
direct observation. Therefore, a biology course should open up to the 
student the fascinating field of general biological speculation and investiga- 
tion. We remember poorly the printed text, but best our actual experiences. 

There is nothing that can take the place of the actual specimen. The 
best way to acomplish this end is to build up a teaching museum. An ap 
propriation for such material is difficult to obtain but a period of years plus 
a well thought out plan may turn the trick. 

The life-history method of teaching biology seems a satisfactory one. 
By such a method we attain the primary end of elementary biology teaching 
—namely, to introduce students to their animal and plant neighbors and 
make them familiar with their home life. 

The division of my course is a seasonal one. Fall offers opportunity to 
study the preparation of plants for the long winter, the falling of leaves, 
autumn coloration, fruit coverings, and seed dispersal. Part of this is done 
right on the campus. Students are counseled to proceed under their own 
initiative. Quizzing is done in the field; not formally in the class room. 

Trips to the Pecatonica and to a florist greenhouse are part of the fall 
work. It is in October or November that subjects for the convention are 
submitted by the students, each choosing one field in which by his research 
work he will become an “authority.” Each student becomes a delegate to 
the convention representing the state which would most likely furnish, in 
abundance, specimens for his project. For example, conifers Maine, cacti 
Mexico and so forth. All extra time is devoted to this unit of study. 

Winter—the first snowfall finds us again in the woods studying insect 
galls, trees in their winter dress, wild seeds and fruits, lichens, mosses and 
woody fungi. Cakes of ice from ponds containing algae are brought into the 
laboratory and the production of zoéspores is observed. 
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During the very cold weeks of January and February considerable micro- 
scope work is done. Collections of previous months are mounted. Terraria 
of the desert and woodland type are assembled. A study of plant propaga- 
tion is made at this time, too. 

Work on our garden show is begun in March. These are in miniature, 
either formal or informal. Rock gardens with running streams, game pre- 
serves, truck gardens, city front yards and New York tenement gardens are 
some of the usual entries. These are displayed at the public library. 

The garden show idea varies. One year we prepared displays of correct 
arrangement of flowers for various occasions. Another an outside garden 
show in which we planted trees and shrubs. 

The arrival of spring arouses a desire to make an early call to the old 
hunting grounds. We note what trees leaf and blossom first, the wild 
flowers, the medicinal herbs. 

Preparations for the scientific convention reach completion in May—an 
annual affair the procedure for which is exactly that of the A. A. A. S. 
A noted scientist is invited to speak on the program, lectures are given by 
the students, round table discussions are scheduled and explanatory tours of 
the exhibits are made. 

Thus the convention serves as a complete review for the biology 
students, a revelation for many outsiders and an incentive for those lower 
classmen who are doubtful of their electives for the coming year. 



























Botany—1937 Meeting 


Effects of Heat and Cold Treatment Upon 
Enzyme Activity in Bulbs and Corms 


Harry J. Fuller and John H. Hanley 
University of Illinois, Urbana, Illinois 


Among the commonly used methods of breaking the dormancy of plant 
organs is their treatment with various stimulating gases such as ethylene 
chlorhydrin, and their exposure for varying periods of time to temperatures 
considerably above or below normal temperatures prevailing during the rest 
period. In the present work, the storage stems of hyacinth Marconi, gladi- 
olus Picardy, and Ornithogalum umbellatum were exposed (in the mid- 
portion of their dormant period) to temperatures of 50°C and 40°C for 24 
hours; controls were those kept at 20°C throughout their dormant period. 
The experimental groups were placed in damp sphagnum and kept for the 
24-hour period in constant-temperature cases in the greenhouse. At the 
end of this period, the bulbs and corms were prepared from enzyme tests 
in the following manner: 

The outer coverings were removed and 20-gram portions were cut from 
the bulbs. These were run through the nut-chopper of a kitchen grinder. 
To the ground pulp 10 cc. of distilled water were added. In the case of 
catalase, 2 grams of powdered calcium carbonate were added to the tissue 
as it passed through the grinder. The ground pulp and juice were then 
centrifuged, except in the case of catalase which is partially inactivated by 
centrifuging. For the determination. of oxidase and peroxidase, the alpha- 
naphthol paraphenylenediamine hydrochloride method of Guthrie (1931) was 
used. One cc. portions of the centrifuged juice were added to the buffered 
substratum and the reaction was allowed to proceed for 15 minutes, at the 
end of which the color was extracted by toluol and differences in color in- 
tensity determined colorimetrically. Catalase was determined by the method 
of Waksman and Davison (1926) in which at the end of two hours’ reaction 
of the juice with hydrogen peroxide, the remaining peroxide is oxidized by 
N/5 potassium permanganate. Peptase was determined by the method of 
Sorensen (1908) which uses thymolphthalein as indicator. Invertase was 
determined by the Fehling method, the cuprous oxide measured by dissolv- 
ing the oxide in Bertrand’s solution and titrating the reduced iron with 
N/20 potassium permanganate. Diastase activity was measured by the 
Fehling method, the cuprous oxide being determined as in the case of 
invertase. 

The results of the enzyme tests are presented in the following table. The 
controls are represented by the value 100, the others by relative numbers for 
individual enzymes. 
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Gladiolus Hyacinth Ornithogalum 





5° 20° 40° 5° 20° 40° 5° 20° 40° 









a 178 | 100 106 127 100 25 130 100 58 
Oxidase. --- ball 152 | 100 124 141 100 58 121 100 50 
Peroxidase. ad 129 100 110 128 100 69 133 100 78 
Diastase-... a 114 100 101 104 100 61 106 100 62 
DOGO, 5. asticscacnoins 110 100 102 101 100 78 110 100 109 
Peptase-___.- aati ie ibe 101 100 89 98 100 81 102 100 92 





























The table shows clearly the following: 

1. Catalase, oxidase, and peroxidase show definitely accelerated activity 
in the 5° bulbs for all three species. These results coincide with those ob- 
tained by Denny, Miller, and Guthrie (1930) from experiments on bulbs and 
tubers treated with stimulating gases. 

2. In the 40° bulbs, a slight acceleration in gladiolus and definite de- 
crease in activity of these enzymes in hyacinth and ornithogalum are ap- 
parent. In the two latter species, injury to the outer parts of the bulbs re- 
sulted from the 40° treatment. The outer scales were soft and mucilaginous 
as though they had been partially broken down by the high temperature. 

3. The activity of diastase, invertase, and peptase were relatively little 
different in the various sets, except that in hyacinth and ornithogalum there 
was some depression of activity in the 40° bulbs, due undoubtedly to heat 
injury of the tissues. The 5° bulbs showed slightly greater degree of activity 
in these enzymes as compared with the controls, but whether these differ- 
ences are much beyond experimental error is problematical. One may con- 
clude that the oxidizing enzymes are those especially affected by the heat 
treatment. 

The 5° treatment was most effective in shortening the dormant period 
and in promoting growth. This effect coincides with the increased activity. 
of the oxidizing enzymes. 
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Elementary Botany at the University of Illinois 


Harry J. Fuller 
University of Illinois, Urbana, Illinois 


The elementary course in general botany at the University of Illinois 
has recently been altered to conform more appropriately with two newer 
viewpoints in plant science teaching—the integration of elementary botany 
into the cultural scheme of the liberal arts curriculum rather than instruc- 
tion for the training of professional botanists, and the establishment of a 
course in plant study without laboratory available to upper-classmen who, 
limited by advanced-course requirements in the pursuit of majors, are often 
unable to round out a broad cultural training in science because of the rela- 
tively large numbers of hours required by the usual elementary science 
course. In the adjustment of our course to meet the first of these view- 
points, we have completely eliminated or appreciably curtailed certain topics 
customarily included in the general botany course. Among such subjects are 
detailed food chemistry, the minutiae of stem anatomy and of life histories, 
the fern allies, genetics problems, and the tracing out of heterospory in 
plants. For them we have substituted or lifted into greater prominence the 
more imminent and often more vital studies of root growth and its relation 
to soil erosion, forest distribution in the United States, forest utilization, 
wood structure and properties in relation to uses, the cause, migration, and 
control of plant diseases, the interrelations of plants and animals, mechan- 
isms of pollination, the influence of specific crops upon human history, vege- 
tation types in Illinois, annual rihgs and climatic cycles, etc. These latter 
subjects by virtue of their contemporaneous significance, their part in the 
vast cycles of synthesis and analysis in nature, their emphasis upon the 
essential unity of living matter, or their pragmatic implications, focus and 
intensify attention and interest which often evaporate so easily under the 
continued impact of unrelated technical terms, difficult concepts, and unend- 
ing microscopic view of objects usually unplaced and unoriented in the 
student’s past or present experience with plants. 

The elementary botany course at the University of Illinois is a one- 
semester course, really made up of two courses, Botany la, with two lectures 
and one discussion group per week, and Botany 1b, a laboratory course with 
4 hours of laboratory work per week. The lectures in Botany la are given 
by five members of the full-time staff, each lecturing on subjects in, or related 
to, his special field of work. The laboratory teaching is the work of half- 
time graduate assistants under the supervision of a full-time staff member. 
There are two types of discussion groups. In those for students taking only 
the lecture course, the work of the discussion group is mainly demonstration 
and illustration by the instructor; in those groups for students registered 
in both lecture and laboratory courses, the work is largely devoted to review 
and recitation. All of the discussion groups are in charge of the men who 
lecture in the Botany 1a course. Insofar as possible, the lectures are supple- 
mented by motion pictures, some of them made by members of the staff, 
others obtained through the Visual Aids Service of the University. 
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In the laboratory course, microscopic examination of prepared slides has 
been reduced to a minimum. Whenever microscopic work is indicated, 
students are urged to make their own slides from fresh material. Field trips 
to University Woods, to the floriculture greenhouses, and on the campus to 
study native and cultivated trees, shrubs, and weeds are frequent. Drawing 
has been materially reduced and the traditional notebook is no longer a 
shibboleth in the presence of which the student who has little skill with 
pencil must tremble. Notebooks are collected at stated intervals by the 
instructors and are marked merely satisfactory or unsatisfactory. In the 
latter case the student must repair his work and submit it again for ap- 
proval. No grades are given these notebooks. The laboratory grade is based 
upon the student’s observational ability, upon the grades which he makes 
upon short weekly quizzes, and upon the midsemester and final examina- 
tions. Before the alterations in the course were made, six hours were spent 


TABLE I—ANNUAL ENROLLMENT 











Botany 1_ 
(before separation) 




















TO Ra REALS ela tL ha rn ear Male 222 
We a ee ee 266 

| Botany la Botany 1b 
OTROS tee AR NERS AE Eliot Aen BENE iallongt 478* 345 
MM ot te th es ee | 479 358 


SEE aa EI. ar ery Te | 508 340 











* A small portion of this increased enrollment is attributable to an increase of 
7% in the total university enrollment over the enrollment of 1933-34. 


each week in laboratory. In the new course, two two-hour periods are spent 
in laboratory study. This reduction may be regarded as a wise move, for 
students, not beset by the fatiguing load of six hours of laboratory, work 
more briskly and accomplish virtually the same amount of work in the four- 
hour period. Further, many advanced students unable because of required 
courses to devote six hours weekly to laboratory study, are able to fit four 
hours into their programs. 

Statistics collected over a period of three years show interesting results 
of this cleavage of the elementary course. First, a marked increase in regis- 
tration followed thesseparation; this increase is to be attributed to two fac- 
tors: the reduction in laboratory hours, and the availability of a plant science 
course without laboratory work to groups of upperclassmen majoring in 
other fields. Table I presents enrollment figures for elementary botany be- 
fore and after the reorganization. 

Another result, one of great significance as a weapon against those whr 
would replace the laboratory method by lecture-demonstrations, shows that 
laboratory study exerts a marked effect upon the mastery of textbook and 
lecture material. Table II presents grade distributions for two years for 
students registered in both lecture and laboratory courses and for students 
registered in only the lecture course. 
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TABLE II 
1935-1936 1936-1937 
Students taking Students taking Students taking Students taking 
both lecture lecture both lecture lecture 

and laboratory only and laboratory only 
By icxaciapbbieatictee 20% 14% 15% 8% 
Di asestxdaaeotaeute 28% 19% 32% 27% 
2 ES Saree 37% 42% 35.5% 41% 
SS 8% 14% 9% 14.5% 
MEER a PAS 7% 11% 8.5% 9.5% 




















Before revision of the course two staff members presented most of the 
lectures. Since the reorganization of the course, five facultymen have given 
the lectures. Occasional complaint from students that “we can’t get adjusted 
to five styles of lecturing” led to a questionnaire upon their preferences in 
the matter of one lecturer or several lecturers. Table III shows the results 
of the questionnaire, correlated with the grades of the students polled. 

















TABLE III 
Several One 
lecturers lecturer 

preferred preferred 
27 3 
48 13 
20 78 
4 26 
6 12 
WR ccinsripctortieiadatgintcinsighotial SEES ee 105 132 














The figures show clearly that the A and B students are inclined to include 
in their diets the spice of life, variable and uncertain though it may be, 
whereas the average and inferior students prefer to munch more regular, 
more readily digestible, perhaps more monotonous fare. 

The changed emphasis upon the material presented, the reduction in 
laboratory hours, and the abolition of the notebook fetish have contributed 
to a more satisfactory coordination with the liberal arts program and have 
increased markedly the interest shown by elementary students in plant 
study. The separation of the course has had one disadvantage—a large per- 
centage of the students registered for lecture only are low-quality students 
who are too lazy to register for five hours of science in one semester. This 
group distinctly retards the work of the lecture-only students. However, the 
fact that many able upperclassmen, who would not otherwise take botany, 
register for the lecture course is a desirable end which in our opinion out- 
weighs the just-mentioned disadvantage. 
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Illinois Liverworts 


Stella Mary Hague 
University of Illinois, Urbana, Illinois 


In recent years the Liverworts have been an almost forgotten group of 
plants. In 1878 Wolf and Hall listed 44 species, mostly from Fulton and 
Menard counties. In 1887 Brendel reported 25 species in his Flora Peoriana. 
During the past 50 years the collections of E. J. Hill around the southern 
part of Lake Michigan have been almost the only additions. 

This paper has been prepared to bring the record up to date and to point 
out an excellent field for amateur collectors and the opportunity to add to 
the knowledge of the flora of Illinois. 


MARCHANTIALES 


Conocephalum conicum Wigg. 
Conocephalus conicus Dum. 
Fegatella conica Corda 
Cook: Lemont (Hill Herb.) 
Champaign: Mahomet (U of I) 
Fulton, Menard, Union: (Wolf, Hall List) 
Kankakee: Kankakee (Hill Herb.) 
LaSalle: Starved Rock (Field Herb.) 
Menard: Athens (Field Herb.) 
Peoria: (U of I; Brendel List) 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Asterella tenella (L.) Beauv. 
Fimbriaria tenella Nees. : 
Cook: Sag Bridge (Field Herb.) 
Fulton, Menard: (Wolf, Hall List) 
Menard: Athens (Field Herb.) 
Knox: (Hill Herb.) 
Peoria: (Brendel List) 
Fimbriaria elegans Spreng. 
Union: Cobden (U of I) 
Duvalia, See Grimaldia 
Grimaldia fragrans (Balb.) Corda 
Duvalia barbifrons Bisch. 
Carrol: Sevanna (Hill Herb.) 
Cook: Lemont (Hill Herb., Field Herb.) 
Fulton, Menard: (Wolf, Hall List) 
Ogle: Oregon (Hill Herb., Field Herb.) 
Peoria: (Brendel List) 
Rock Island: Port Byron (Field Herb.) 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Will: Joliet (Hill Herb.) 
Illinois (Underwood List) 
Grimaldia rupestris Lind. 
Cook: Lemont (Hill Herb., Field Herb.) 
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Lunularia cruciata Dum. 
Lunularia vulgaris, Mich. 
Cook: Greenhouses (Chicago) 
Champaign: Greenhouse (U of I Campus) 
Will: Joliet (Hill Herb.) 
Illinois: (Underwood List) 
Marchantia polymorpha L 
Champaign: Urbana (U of I) 
Cook: Lake Forest, Calumet (Hill Herb.) 
DuPage: Glen Ellen (U of I) (Field Herb.) 
Fulton, Menard (Wolf, Hall List) 
Henderson: (Field Herb.) 
Jo Daviess: (U of I) 
Kankakee: Kankakee (U of I) (Field Herb.) 
Lake: Lake Villa, Zion City (U of I) (Field Herb.) 
Macon: Decatur (U of I) 
Ogle: Oregon (Hill Herb.) 
Peoria: (Brendel List) 
Rock Island: Port Byron (Field Herb.) 
Wabash: (U of I) 
Preissia quadrata (Scop.) Nees. 
Preissia commutata Lindb. 
Cook: Lake Forest (Hill Herb., Field Herb.) 
LaSalle: Starved Rock (Hill Herb.) 
Reboulia hemispherica L. 
Asterella hemispherica Beauv. 
Carrol: Savannah (Hill Herb.) 
Cook: Lemont, Stony Island ‘(Hill Herb., Field Herb.) 
Fulton: Canton (Field Herb.) 
Fulton, Menard, Union: (Wolf, Hall List) 
Ogle: Oregon (Hill Herb.) 
Peoria: (Brendel List) 
Rock Island: Port Byron (Field Herb.) 
Will: Lockport (Hill Herb.) 
Riccia Beyrichiana Hampe 
Riccia lescuriana Aust. 
Fulton, Menard: (Wolf, Hall List) 
Peoria: (Brendel List) 
Illinois: (Underwood List) 
Riccia bifurcata Hoffm. 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Riccia crystallina L. 
Riccia velutina Hook. 
Cook: Thornton, River Forest, Morgan Park, Thatcher’s Park 
(Hill Herb., Field Herb.) 
Lake: Lake Zurich (Hill Herb., Field Herb.) 


Peoria: (U of I) (Brendel List) 
Stark: Wady Petra (U of I) 
Illinois: (Underwood List) 


Riccia fluitans L 
Ricciella fluitans Baum. 
Cook: Forest Hill, Thornton, S. Chicago, Chicago, Stony Island, 
Blue Island (Hill Herb., Field Herb., U of I) 
Lake: (U of I) (Field Herb.) 
Fulton: Canton (Field Herb., Wolf, Hall List) 
Peoria: (U of I) (Brendel List) 
Wabash: Mt. Carmel (U of I) 
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var. canaliculata Hoffm. 
Cook: Blue Island (Hill Herb.) 
Fulton: (Wolf, Hall List) 
var. Sullivanti Aust. 
Menard: (Wolf, Hall List) 
Riccia lutescens Schwein. 
Champaign: Urbana (Hill Herb.) 
Fulton, Menard: (Wolf, Hall List) 
Menard: Athens (Field Herb.) 
Peoria: (Brendel List) (U of I) 
St. Clair: Mascoutah (U of I) (Welsh Herb.) 
Wabash: Mt. Carmel (U of I) 
Riccia Frostii Aust. (7?) 


Fulton: (Wolf, Hall List) 
Peoria: (Brendel List) 
Tazewell: (Field Herb.) 
Illinois: (Underwood List) 


Riccia glauca L. (7) 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Riccia sorocarpa Bisch. 
Fulton, Menard: (Wolf, Hall List) 
Illinois: (Underwood List) 
Ricciocarpus natans (L.) Corda 
Riccia natans L. 
Cook: Chicago (Field Herb.) 
Lake: Cuba, Lake Zurich (Hill Herb., Field Herb.) 
Fulton, Menard: (Wolf, Hall List, Field Herb.) 
Menard: Athens (Field Herb.) 
Peoria: (Brendel List) 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Wabash: Mt. Carmel (U of I) 
Illinois: (Underwood List) 


JUNGERMANNIALES (Anacrogyne) 


Aneura pinguis (L.) Dum. 

Fulton: (Wolf, Hall List) 
Aneura sessilis Spreng. 

Fulton, Menard: (Wolf, Hall List) 

St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Aneura multifida (L.) Dum. 

Fulton: (Wolf, Hall List) 

Illinois: (Underwood List) 
Aneura latifolia Lindb. 
Aneura latifrons Lindb. 

Menard: (Wolf, Hall List) 
Aneura palmata Nees. 

Menard: Athens (Field Herb.) 
Blasia pulsilla L. 

Cook: Wildwood (Hill Herb.) 
Pallavicinia Lyellii (Hook.) Gray 

LaSalle: Starved Rock (Hill Herb.) 
Pellia epiphylla (Dill.) Gottsch 

LaSalle: Starved Rock (Hill Herb.) 
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JUNGERMANNIALES (Acrogyne) 


Blepharostoma trichophylla L. 

Fulton: (Wolf, Hall List) 

Illinois: (Underwood List) 
Blepharozia, See Ptilidium 
Calypogea Trichomanis (L.) Corda 

Menard: (Wolf, Hall List) 

Illinois: (Underwood List) 
Cephalozia albescens Dum. 

Illinois: (Underwood List) 
Cephalozia bicuspidata (L.) Dum. 

Fulton: (U of I) (Wolf, Hall List) 

Peoria: (Brendel List) 

Illinois: (Underwood List) 
Cephalozia connivens (Dicks.) Lindb. 
Cephalozia multifida Lindb. 

Illinois: (Underwood List) 
Cephalozia curvifolia (Dicks.) Dum. 

Fulton, Menard: (Wolf, Hall List) 

Peoria: (Brendel List) 

Illinois: (Underwood List) 
Cephalozia divaricata Dum. 

Jungermannia divaricata Engl. Bot. 

Cook: Glencoe (Hill Herb.) 

Fulton: (Wolf, Hall List) (U of I) 

Menard: Athens (Field Herb.) 

Peoria: (Brendel List) (U of I) 

Illinois: (Underwood List) 
Cephalozia Sullivanti Aust. 

Johnson: (Wolf, Hall List) 

Menard: Athens (YU of I) (Field Herb.) 
Cephaloziella divaricata (Smith) Schiff. 

Cook: Glencoe (Hill Herb.) 
Chiloscyphus ascendens Corda 

Fulton, Menard (Wolf, Hall List) 

Illinois: (Underwood List) 
Chiloscyphus polyanthus (L.) Corda 

Cook: Lemont (Hill Herb.) 

Lake: Schields (Hill Herb., Field Herb.) 

Menard: Athens (Field Herb.) 
Eucalyx hyalina (Lyell) Bridel 
Jungermannia hyalina Lyell 

Fulton: (Wolf, Hall List) 
Frullania aelotis Nees. 

Frullania riparia Hampe 
Cook: Sag Bridge (Hill Herb.) (U of I) 


Fulton, Menard: (Wolf, Hall List) 
Peoria: (Brendel List) 
Illinois: (Underwood List) 


Frullania eboracensis Gottsche 
Cook: Lansing (U of I) ‘ 
Fulton, Menard: (Wolf, Hall List) 
LaSalle: Deer Park (Hill Herb.) (U of I) 
Menard: Athens (Field Herb.) 
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Peoria: (Brendel List) 

St. Clair: Mascoutah (U of I) (Welsch Herb.) 

Illinois: (Underwood List) 
Frullania Grayana Mont. 

Menard: (Wolf, Hall List) 

St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Frullania squarrosa Nees. 

S. Illinois: (Wolf, Hall List) 


Illinois: (Underwood List) 
Frullania virginica Gottsche 
Fulton: (U of I) 


Fulton, Menard (Wolf, Hall List) 
Lasalle: Deer Park (Hill Herb.) (U of I) 
Menard: Athens (Field Herb.) 


Peoria: (Brendel List) 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Illinois: (Underwood List) 


Geocalyx graveolus (Schred.) Nees 
Will: Deer Creek (U of I) 
Harpanthus scutatus (Webb & Mohr) Spruce 
Johnson, Union: (Wolf, Hall List) 
Illinois: (Underwood List) 
Jamsoniella autumnalis (D. C.) Steph. 
Jungermannia Schraderi Mart. 
Cook: Glencoe (Hill Herb.) 
Fulton, Menard, Union, Johnson (Wolf, Hall List) 
Menard: Athens (Field Herb.) 
Illinois: (Underwood List) 
Leptoscyphus Taylori (Hook.) Mitt. 
Coleochila Taylori Dum. 
Fulton: (Wolf, Hall List) 
Illinois: (Underwood List) 
Lophocolea bidentata (L.) Dum. 
Fulton: (U of I) (Wolf, Hall List) 


Peoria: (Brendel List) (U of I) 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Illinois: (Underwood List) 


Lophocolea Hallii Aust. 
Lake: Deer Park (Hill Herb.) 
Lophocolea heterophylla (Schrad.) Dum. 
Cook: Glencoe, Thornton, Glenwood, Lemont (Hill Herb.) (U 
of I) (Field Herb.) 
Fulton: (Wolf, Hall List) 
Menard: (Field Herb.) 
Peoria: (Brendel List) (U of I) 
Illinois: (Underwood List) 
Lophocolea Macouni Aust. 
Fulton, Johnson (Wolf, Hall List) (U of I) 
Illinois: (Underwood List) 
Lophocolea minor Nees. 
Fulton, Menard: (Wolf, Hall List) 
Illinois: (Underwood List) 
Plagiochila Ludoviana Sulli. 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
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Plagiochila interrupta Dum. 
Plagiochila macrostoma Sulli. 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Porella pinnata Lindb. 
Madotheca porella Nees. 
DuPage: Barrington, Elmhurst (Hill Herb.) 
Fulton, Menard: (Wolf, Hall List) 
Menard: Athens (Field Herb.) 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Wabash: Mt. Carmel (U of I) 
Illinois: (Underwood List) 
Porella platyphylla Lindb. 
Madotheca platyphylla (L.) Dum. 
DuPage: Barrington, Elmhurst (Hill Herb.) 
Marion: (Field Herb.) 
Menard: (Field Herb.) 
Peoria: (U of I) (Brendel List) 
St. Clair: (U of I) (Welsch Herb.) 
Will: Lockport, Crete (Hill Herb.) (U of I) 
Porella thuja Dum. 
Madotheca thuja (Dicks.) Dum. 
Fulton, Menard (Wolf, Hall List) 
Illinois: (Underwood List) 
Ptilidium ciliare (L.) Hampe 
Blepharozia ciliaris Dum. 
Fulton, Menard (Wolf, Hall List) 
Peoria: (Brendel List) 
Illinois: (Underwood List) 
Radula complanata (L.) Dum. 
Menard: Athens (Field Herb., Wolf, Hall List) 
Peoria: (Brendel List) 
Illinois: (Underwood List) 
Scapania nemorosa (L.) Dum. 
Johnson: (Wolf, Hall List) 
Illinois: (Underwood List) 
Scapania undulata (L.) Dum. 
LaSalle: Starved Rock (Hill Herb.) (U of I) 
Trocholea tomentella (Ehr.) Dum. 
Cook: Glenwood (Hill Herb.) (U of I) 
DeKalb: Elgin (Field Herb.) 


Peoria: (Brendel List) 
Tazewell: (U of I) 
ANTHOCEROTALES 


Anthoceros laevis L. 
Cook: Glenwood (Hill Herb.) 
Fulton, Menard, Union (Wolf, Hall List) 
LaSalle: Starved Rock, Utica (Hill Herb.) 
Peoria: (Brendel List) 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
Stark: (Hill Herb.) 

var. major Aust. 

Fulton: (Wolf, Hall List) 

Anthoceros laciniatus Schwein. 
St. Clair: Mascoutah (U of I) (Welsch Herb.) 
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Anthoceros punctatus L. 
Fulton: (Wolf, Hall List) 
Menard: Athens (Field Herb.) 
Peoria: Princeville (Hill Herb., Field Herb.) 
Will: Mokena (Hill Herb., Field Herb.) 
Illinois: (Underwood List) 

Notothylas orbicularis Sulliv. 

Notothylas valvata Sulliv. 
Fulton: Canton (Field Herb., Wolf, Hall List) 
Peoria: (Brendel List) 
Stark: (Hill Herb.) 


SOURCES 


University of Illinois Herbarium: Hill, Welsch and the general collection 

Field Museum: the Hepatic herbarium 

John Wolf and Elihu Hall: List of Mosses, paverworte and Lichens of Illinois. 
Bull. Ill. State Lab. Nat. Anlst Vol. I, No. 2. 1878 

Lucien M. Underwood: Descriptive Catalogue of North American Hepaticae. 
North of Mexico. Bull. Ill. State Lab. Nat. Hist. Vol. II. 1883 


Frederick Brendel: Flora Peoriana. 1887 
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The Medical Students’ Background in Biology 


Thesle T. Job 
Loyola University School of Medicine, Chicago, Illinois 


For nineteen years I have served on the Committee on Admissions at 
Loyola University School of Medicine. This committee has examined the 
academic record of some 700 or 800 students a year. Each year certain 
convictions grow stronger. It is not the number of hours in science that 
makes a good medical student; it is not any one particular science, but 
rather the quality and the thoroughness of the work that has been done. 

In trying to evaluate the courses taken, biology is hardest to determine 
correctly. Courses in physics are fairly well standardized. One at least 
can be sure it is a mathematical course. Is there not some special signifi- 
cance in the fact that books by Sir James Jeans, and others of the same 
type, are so extensively read by the adult population? Such persons passed 
their course in physics but apparently failed to get an explanation of the 
physical phenomena about them. 

The courses in chemistry are given in a satisfactory sequence, but much 
more extensively than needed, so much so that in some colleges and universi- 
ties it is impossible for premedical students to major in any other depart- 
ment. This is unfortunate indeed. 

It is in biology, however, that the examiner of credentials is almost 
compelled to close his eyes and just hope. A course in biology may be 
anything remotely concerned with life. There isn’t another science course 
in the curriculum which presents such variability in content and emphasis. 
Even comparative anatomy, so fundamental to medical students, is presented 
by two types, the smallest possible number for comparison. Biology and 
English are the outstanding handicaps of the first-year medical student. 
About one-fourth of all first-year medical students fail. 

It is with the hope of stimulating your interest in our common problem 
that I write at this time. I say common problem because, with the reduction 
of hours in the medical curriculum and the extension of time in the under- 
graduate years, more responsibility must be thrust upon the departments of 
arts and science. The student must comprehend more quickly, organize and 
assimilate data more readily, be able to correlate, place emphasis, demon- 
strate initiative and above all be able to read and express his ideas 
acceptably. 

Nowadays we properly oppose strict standardization of any educational 
process. Individualization in these matters offers the greatest opportunities 
for advancement, individually and collectively. However, we eventually face 
the fact that in order for a student to follow intelligently the subject matter 
of any given professional course, certain fundamental knowledge is necessary. 

As far as biology is concerned, I believe most medical faculties would 
agree that the following fundamental knowledge is necessary for the best 
end results: 
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The anatomy and general physiology of the animal cell. 
(The plant cell can be profitably added) 

The fact that the cell is the unit structure of our bodies, emphasizes 
the importance of knowing the anatomy of a typical cell, the importance and 
function of each part; the influence of environment and heredity, the sex 
chromosome theory, cell division, growth, modifications of part or all of a 
cell; specialization to form tissues; how the functions of the various systems 
of a complex organism are carried out in the protozoa or a single cell; 
the fundamental requirements of living matter. This will require a careful 
study of living amoebae and paramecia as well as fixed cells. 

The genesis and phylogeny of the germ layers. 

Through a study of protozoa, volvox, hydra and earthworm, it is possible 
to trace the beginnings of germ layers (ectoderm and mesoderm) together 
with their contributions to the various structures of complex forms higher 
in the phylogenetic scale’ Thus a broad background is laid for human 
anatomy and embryology. 

The morphology and phylogeny of the various anatomical systems with 
their general physiology. 

A study of the changing form, structure and general function of the 
various anatomical systems (skin and its appendages, skeleton, muscular, 
nervous, vascular, digestive, respiratory, urinary, reproductive, endocrine) 
through a variety of different animal forms gives the premedical student an 
understanding and orientation for his work in human anatomy and phy- 
siology.that is indispensable. 

The significance of environment, heredity, eugenics and evolution 

with a general understandiny of the criteria for animal classification. 

A physician must be able to advise and guide intelligently his patients, 
when they seek his ministration, on heredity, eugenics and evolution. These 
subjects are not taught in medical school, but are taken for granted. Too 
often students fail to grasp points because they have no such background. 

Separate courses in bacteriology and general physiology are very un- 
satisfactory as premedical courses, because they are necessarily superficial 
courses and spoil the approach for this work in medicine. The premedical 
preparation should be background, foundation material, and not “prepara- 
tory” in the sense of being introductory to anatomy, physiology and 
bacteriology. A course in histology which has as its aims, actual acquain- 
tance with simple histological technics and an introductory study of simple 
tissues, is valuable. Likewise, a course in embryology which deals with 
each of the early stages of development (fertilization to germ-layers) in 
invertebrates or lower vertebrates, or both, and a comparative study of 
placentation and gestation, is very valuable. Work in advance of that in- 
dicated under histology and embryology is definitely contraindicated for 
premedical students. 

Many “interest provoking and sustaining” laboratory demonstrations 
and some “student project work” can be and should be introduced, e. g., the 
circulation of blood in the web of a living frog’s foot; the early development 
of the chick (primitive streak to 72 hrs.); frog sperm and eggs, fertiliza- 
tion, cleavage; growth and resorption in the tadpole’s tail (by transillumina- 
tion); changing the chemical, electrical and temperature environment of 
living amoebae and paramecia; and so on until the student really knows what 
work is and is prepared to meet the grind of medical school. 

Finally, may I suggest that you who are charged with advising pre- 
medical students, can render superior service to them if you require the 
last courses in chemistry and biology in the year just preceding entrance 
to medical school. 
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A New Method for the Quantitative Measurement 
of Gases 


Ernest M. R. Lamkey 
Illinois State Normal University, Normal, Illinois 


The reversible respiratory-photosynthetic equation C:Hi0s + 60:<5 
6CO. + 6H:0 + 647 cal. is probably the basis of more discussion in general 
courses in botany and plant physiology than any other fundamental process; 
yet, in spite of its recognized importance, less individual laboratory work is 
based upon it than upon most any other basic activity. This is due chiefly 
to the fact that the apparatus necessary to demonstrate quantitative measure- 
ments is not adaptable to individual student use in large classes, and 
consequently, the process remains very much of an abstraction in spite of a 
possible lecture table demonstration. 

To show the possibilities in the equation it may be well to take it up 
after the manner in which we have used it at Illinois. State Normal Uni- 
versity in large freshman sections, it being understood, of course, that no 
originality is claimed for anything except the method of measuring the 
interchange of gases. Barley, or any other desirable seed, is germinated until 
a well developed plumule is formed. This germination demonstrates the 
necessity of oxygen, water, imbibition, osmosis, and proper temperature. 
It is then shown that digestion of stored carbohydrates has taken place 
through enzyme action by means of the well known iodine and Fehlings’ 
Solution tests. The use of the digested products, dextrose, and oxygen 
according to the respiratory equation is then demonstrated quantitatively 
by means of an exceedingly simple respirometer as follows: a dozen seed- 
lings are placed in the upper closed end of a fermentation tube where they 
are readily held by their spider-like roots. The seedlings are separated 
from the outside air by pouring enough water into the bulb end of the 
fermentation tube to form a trap. The seedlings are thus enclosed in an 
atmospheric “universe” of their own and results are measured the following 
day or after any other desired interval. 

Before the measurements are made, the seedlings are shaken down into 
the water trap and removed with an ordinary curved forceps. After the 
height of the air column in the closed end of the tube has been measured, 
the bulb is filled to overflowing with a 20 per cent sodium hydroxide solu- 
tion. The thumb is placed over the mouth of the fermentation tube and the 
air of the closed arm and the solution of the bulb are thoroughly shaken 
together for a few minutes to absorb the CO: present. The tube is then 
tilted to run all the solution back into the bulb leaving all the air in the 
closed arm. The thumb is then carefully slipped from the mouth of the 
fermentation tube and the subsequent decrease in the length of the air 
column is measured. The difference between this and the first reading 
gives the amount of CO. given off as measured by the amount of CO, 
absorbed by the sodium hydroxide solution. This amount is then calculated 
on a percentage basis. The amount of O: left is then determined in the 
closed arm. This is done by removing with a medicine dropper about 
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half of the sodium hydroxide solution from the bulb of the fermentation 
tube and replacing it with an equal quantity of a 7 per cent pyrogallol 
solution. The thumb is again placed over the mouth of the fermentation 
tube and the operation repeated as in the determination of CO. The 
thumb is removed, the height of the air column measured and this reading 
(the third) subtracted from the second reading gives the amount of O, 
left in the tube as measured by the amount of O: absorbed by the sodium- 
pyrogallol solution. This difference, calculated upon reading number one, 
gives the percentage of O: left by the seedlings. 

In the use of the above data it is to be remembered that air contains 
approximately 20.8 per cent of oxygen. If the test as run showed approxi- 
mately 20.8 per cent CO: and no oxygen, then it may be seen that the 
amount of CO: formed is the equal of the O. consumed as demanded by the 
equation. If the test showed 10 per cent CO:, then the amount of O: left 
should have been 10.8 per cent as required by the equation (i. e. the CO, 
formed should equal the O: consumed). Such results will be obtained by 
starchy seeds, for seeds rich in oil and protein give a different respiratory 
quotient and hence the amount of CO. used will not be the equal of the 
amount of O. consumed. Likewise, if an ‘experiment is run too long, 
anaerobic respiration may upset expected results. 

The calories liberated in the equation may be demonstrated by the well 
known method of inserting a thermometer into a plugged Thermos Bottle 
filled with germinating seedlings. That respiration is a chemical oxidation 
dependent upon an oxidizing catalyst or enzyme may be shown by testing 
cut seedlings for peroxidase with an alcoholic solution of gum guaiac con- 
taining some hydrogen peroxide. 

In the extension of the equation to photosynthesis, barberry twigs are 
forced up into the closed arm of each of two fermentation tubes with the 
cut ends resting in the water traps. The tubes are set up at any time during 
the day. One tube is kept in the dark until the following morning while 
the other tube is placed in a window in order to get the direct rays of the 
sun early in the morning. At nine o’clock in the morning, or later, the 
twigs are carefully removed with a forceps. Each tube is then tested ac- 
cording to the method previously outlined. It will be found that the CO. 
found in the closed arm of the tube in the dark exactly equals the O: 
that was originally in the air, while the amount of O. found in the tube in 
the light equals 20.8 per cent thus proving that all the CO. formed over 
night (20.8 per cent) has been replaced by O. as demanded by the photosyn- 
thetic equation. 

If the experiment is not run long enough, partial results are obtained 
which may be explained as in the case of the barley seedlings. 


4 
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Botany as a Part of the Program of a Summer 
School Camp 


John W. Leedy 
Wheaton College, Wheaton, Illinois 


Under the direction of the Wheaton College Summer School a field 
station was established in the Black Hills of South Dakota in 1935 for the 
study of Botany and Geology. The exact location is thirteen miles west 
of Rapid City, in Rapid Creek Canyon at an elevation of about 4,000 feet. 

The term requires four full weeks in camp in addition to the time 
required in transit. It covers the last four weeks of the Summer Session 
in Wheaton College and extends from about the middle of July to the 
middle of August. Full college credit is given for the work done. 

We have preferred to travel by private cars as they furnish an economi- 
cal means of taking short side trips for observation and collection of 
material with small groups while in camp. We have been successful in 
securing cars from students who were willing to carry passengers who share 
the expense for gas, oil and incidentals such as tire repairs, etc. The 
Director of the expedition collects a transportation deposit fee and pays the 
bills for all the cars. Of course the cars must be in good condition at the 
start. A mimeograph sheet of the itinerary is given out and the cars are 
supposed to keep together as nearly as possible and all must meet at certain 
points indicated as observation points. The college furnishes a light truck 
for excess baggage and the equipment for study, such as microscopes, plant 
presses, reference books and other necessary material. 

The nature of the courses that can be successfully given is, of course, 
limited. Elementary courses in Taxonomy and Ecology have proved suc- 
cessful and special problems or advanced field courses for upper classmen. 
The Black Hills region is well adapted for studies in Forestry also. The 
work begins as soon as we leave Wheaton. Each student is given a mimeo- 
graphed sheet of instructions and suggestions for study in the courses he 
has selected and is expected to keep accurate notes on the studies made. 

It is possible that a better understanding of the function of the expedi- 
tion may be had by first considering briefly the purpose back of laboratory 
and field work. There is, regrettably, too often a wide gap between the 
acquisition of knowledge in the form of facts presented in the text-book 
and the application of these facts as they occur in nature. 

In an endeavor to bridge this gap courses in Biological sciences are 
divided into periods for laboratory study and periods for lectures. The mate- 
rials used in the laboratory during the school year proper are, of necessity, 
only sample specimens that have been brought in from the field for 
the student’s convenience. It is not contended that laboratory work does 
not benefit the student by helping to fix in his mind the facts of the subject, 
but the practical value received by actual contact with the materials, in 
situ, is of first importance. This greater purpose is most completely achieved 
when the student can be placed in direct association with the materials of 
study as they exist in their individual habitats. When this is possible the 
aforementioned, “gap” between the theoretical and the practical no longer 
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exists—the two being united in the field in an effective working knowledge 
of the subject in question. 

A most excellent opportunity for reconnaissance study in Ecology is 
offered in the journey from Wheaton to our Camp in the Black Hills. On 
leaving Wheaton we pass through the deciduous forest area of Northern 
Illinois and North Central Iowa climbing gradually to the level of the rolling 
lands of Northwestern Iowa, now a region of beautiful farms but formerly 
“high grass” prairie that extended as far west as the Missouri River. West 
of the Missouri River the “short grass” region of the western plains is 
found. This region extends to the Black Hills where the student is brought 
in contact with the conifer forests and flora peculiar to that region. 

As the Botany and Geology departments are associated together in the 
expedition the intimacy and cooperation of the two departments in the 
field make it possible for the student to correlate the available facts to an 
extent not otherwise possible. 

The first stop for observation is made at the White Pine Forest State 
Park, of Illinois. Here is being conserved one of the southernmost stands of 
virgin White Pine that suggests many questions of interest and importance. 
The Park also offers abundant flora to stimulate interest in taxonomy. 

We reach Palisade State Park about lunch time and after a short survey, 
proceed westward across Iowa and eastern South Dakota, observing the 
changes in vegetation that were spoken of above. The Missouri River is 
crossed at Chamberlain where the expedition spends the last night out on 
the trip. The next observation stop is the Bad Lands of South Dakota. 
While there the taxonomy students collect as many specimens as possible for 
later identification. The ecologist and geologist find much of interest also. 

It takes the better part of three days to complete the trip. On arriving 
at camp we find that the Commissary has preceded us and after depositing 
our suit cases in our rooms, and taking a plunge in the clear, cool pool 
formed by Rapid Creek which runs through the camp grounds, dinner is 
served. 

We are comfortably housed in suitable buildings on the grounds. The 
schedule of classes and the program for the stay in camp has already been 
made out and class work begins immediately. Aside from short side-trips 
by class groups one day each week is set aside for the entire camp to visit 
such places of interest as the State School of Mines at Rapid City; the 
Homestake Gold Mine at Lead City; Crystal Cave and the Historic City 
of Deadwood; the famous Rushmore Mountain; Rushmore Cave and 
Harney Peak. 

Aside from the regular work done in the elementary courses of Tax- 
onomy and Ecology advanced students have made critical studies of the 
plants of certain regions in the Hills. One student made a key for the 
identification of the families based upon the vegetative characteristics of 
the plants of Rapid Canyon. An ecological study from the standpoint of 
floristics was worked out for a given area; photographs of species in‘their 
natural habitats supplementing all the work. 

The Expedition is very fortunate in having quite a complete photo- 
graphic equipment. Two Retinas using 35 mm. film are kept loaded one 
with black and white and the other with Kodachrome. The positives are 
made up into slides for classroom use. For other types of “stills” the 
Graflex or Recomar-33 is used. The moving picture equipment consists of 
a Bell & Howell Filmo 70-D, 16 mm., with its seven film speed, critical 
finder and 4 and 6 in. telephoto lenses and an Eastman, 16 mm. Magazine 
Pack. Adding to the Department Herbarium is an important feature of the 
work and we are working toward a complete collection of the flora of that 
region. We have been very kindly received by the city of Rapid City and the 
State School of Mines renders us every service possible. 
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Germination of Pollen Grains for Class Use 


lca Marks 
Eastern Illinois State Teachers College, Charleston, Illinois 


The germination of pollen grains in 10 per cent sucrose has been used 
for some time as class demonstration. Last year a series of investigations 
carried on by Margaret Baker, one of my high school students, showed 
that the pollen of many of our common plants germinate readily in distilled 
water and in 1 per cent, 3 per cent sugar solutions. The granulated sugar 
used was found not to be 100 per cent sucrose. The solutions of 1 per cent, 
3 per cent, 6 per cent, 10 per cent sugar and distilled water were put in 
watch glasses. Then pollen was placed in each solution. The time of 
beginning of tube development was recorded. In most cases studied, a 
tube was well formed in less than one hour and some in only a few minutes. 
The estimate of germination was made by taking a drop at random from 
each culture and mounting it on a microscopic slide. Ten such slides were 
made and germination estimated on basis of the ten random samples. If 
approximately 50 per cent of grains were forming tubes, the germination was 
considered very good. If approximately 25 per cent were germinated, it was 
considered good; 5 per cent to 10 per cent, fair; and below that, poor. 

I have considered the flowers studied in three groups, those flowering 
in winter in greenhouse or in house, those flowering in spring, and those 
flowering in summer. The results of our investigations are shown in the 
following tables. 


TABLE I—PLANTS FLOWERING IN WINTER 























Name of plant Water | 1% sugar 3% sugar 6% sugar 10% sugar 
Amaryllis....-.....- Very good Very good Good Fair Poor 
| eee Good Very good Good Fair Poor 
ee Poor Fair Fair Good Good 
Narcissus. .......- .-|Good Good Good Fair Fair 




















TABLE II—PLANTS FLOWERING IN SPRING 





























Name of plant Water 1% sugar 3% sugar 6% sugar 10% sugar 
Buttercup. ......... Very good Very good Very good Fair Poor 
Pussy willow........|Very good Very good Very good Poor Poor 
SS Very good Very good Fair Poor Poor 
NR iicccnsscusess Good Good Fair Poor Poor 
Spring beauty-....- Fair Fair Poor Poor Poor 
Peidaitsiwkeniadel Fair Fair Poor Poor Poor 
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TABLE III—PLANTS FLOWERING IN SUMMER 



































Name of plant Water 1% sugar 3% sugar 6% sugar 10% sugar 
Marigold............ Good Fair Fair Poor Poor 
Evening primrose... |Poor Poor Poor Fair Fair 
Gaillardia........... Poor Poor Poor Fair Fair 
Hollyhock.--..-.--.- Poor Poor Poor Fair Fair 
Pee ea .-|Poor Poor Poor \Fair Fair 
POUR... nsecasis Good Good |Good \Fair Poor 
Sweet pea........... Feir Fair Fair \Poor Poor 

















In general, the pollen of summer flowers germinate better in 10 per cent 
sugar solutions than in lower percentages, except in case of marigold 
and petunia. Hyacinth shows better germination in 6 per cent and 10 per 
cent solutions, but the best germination obtained for hyacinth was not more 
than about 25 per cent of pollen-grains. 
and amaryllis germinated the most readily of those studied, all having well- 
formed tubes in less than 30 minutes. 


Pussy willow, swamp buttercup, 
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Forest Conservation in the Ohio Valley 


Harry W. Mauntel 
Mendota Township High School, Mendota, Illinois 


With the 1937 floods of the Ohio and its tributaries still fresh in our 
minds, we turn to methods of flood control. It is true that in the past the 
Ohio and Mississippi valley have had periodic spring floods, but during 
the past few years these floods have occurred more frequently and with 
greater severity. Constructing of storage reservoirs along the head waters of 
the Ohio river and its tributaries along with a very intensive and extensive 
reforestation program will in time curb these destructive floods.” This is 
very well expressed by Mr. Wade O. Martin, Chairman of the Louisiana 
Flood Control Commission, who states; “We must return to ‘God’s plan of 
checking floods’, We must back-track now, restore the timber and grass, 
the lakes and swamps which were nature’s method of flood control”. 

In Indiana and Illinois as is the case in many of the other states in the 
Ohio valley, the Civilian Conservation Corps under the direction of the 
Federal and State governments have done a marvelous piece of work in 
the way of clearing out much dead, diseased and undesirable growth. They 
have constructed fire barriers, surveyed, studied and reforested many acres 
of old worn out hillsides and sub-marginal land. Along with this reforesta- 
tion program the National and State governments have a well planned 
system of flood-control reservoirs which are to be constructed or are now 
under construction in practically every State and National park and forest. 

Some few states have pioneered in reforestation in that they have 
endeavored to interest individuals to set aside private areas as forest 
preserves and classified forest regions. Indiana has gone forward in this 
movement by setting aside by law, certain forest areas called classified 
forests. The individual owners must meet certain conditions relative to 
forest protection and reforestation. The state in turn releases this land from 
the regular tax rate and places this woodland under a specific low tax rate. 
By this method private owners of primeval forests are given encourage- 
ment to preserve for future generations these forest tracts and at the same 
time are encouraged to experiment, survey and add sub-marginal timberland 
to their woodlands.’ 

It is desired in this report to point out to other states and individuals 
what can be accomplished if proper steps are taken by state legislatures, in 
enacting laws to preserve the few scattered forest regions in the Ohio 


1Recently there has been announced through the newspapers that the State 
of Illinois is considering a plan for the construction of between 7,000 and 10,000 
small dams for water conservation. It has been pointed out by State Senator 
Charles F. Baumrucker that “The level of Illinois underground water reservoir has 
dropped 10 to 30 feet in the last fifteen years.” He further states: ‘Deforestation 
and farming have destroyed the sponge surface of the land, so that rain runs off 
instead of soaking in. Dams in ravines and gullies would catch this runoff, 
ee floods, arrest soil erosion, restore the ground water level and prevent 
rou 

F, Classified forest lands have increased from 4,192 acres classified by 75 owners 
in 1923 to 91,530 acres classified by 1,496 owners in 19 
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valley. Herein is described and explained one experiment which illustrates 
what can be accomplished relative to reforestation, especially where nature 
has taken a hand, this being a very common occurrence on many acres of 
sub-marginal land throughout the Ohio valley. 

In Dubois County, Indiana, there is at present an experiment underway 
whereby one can observe nature’s plans and methods of reforestation over a 
long period of time. Man can really gain much valuable information from 
a careful survey of forest associations, distribution of types of trees and 
secondary plant succession. From a report made by J. E. Potzger and 
Ray C. Friesner for Butler University, there are several conclusions to be 
drawn regarding forests in this section of the Ohio valley. This forest area 
is characteristic of upland and hill territory of the valley. It is known as 
the Mauntel Forest and is located about two and one-half miles southwest 
of Holland, Indiana. This forest of about 60 acres may be divided into four 
distinct parts which have had different histories of treatment. With one 
exception the area has been disturbed very little by cultural influences. 
Livestock did not roam this area. Therefore, the undergrowth and small 
trees have not been molested. Fifteen acres on the north (Section A) is 
virgin timber. Only such timber was cut which appeared matured or dis- 
eased. Twelve acres on the south and southwest (Section B) was partly 
cut over for the marketable timber fifty-five years ago; about thirteen 
acres of the southwest corner of the mature forest (Section C) was com- 
pletely cleared seventy years ago.® This strip of woods has been permitted 
to reforest itself according to the natural law of plant succession. As a 
result the forest has afforded an excellent opportunity to make a com- 
parative study of undisturbed virgin forest and several stages of secondary 
succession (black oak, white oak and hickory) Quercus velutina, Quercus 
alba, and Carya ovata. Another area has been added to this forest for 
further study of secondary succession. This consists of twenty acres and 
extends west of the main forest (Section D). The area was taken out of 
cultivation fifteen years ago. Here can be observed the first plant and 
tree communities as they develop by natural reseeding. 

From careful observation and study one notices wild blackberry 
Rubus villosus, dewberry Rubus canadensis, and various field weeds pre- 
dominating in the ground cover. Birch, maple, ash (Betula-Acer- 
Frazinus) was the climax in this section with a small percentage of black 
oak Quercus velutina, hickory Carya ovata, white elm Ulmus americana, and 
cedar Juniperus virginiana scattered throughout section D. By comparison 
of the four sections of this representative forest we have four different 
stages of plant development in the succession. 

In the virgin section A we have the typical oak-hickory Quercus-Carya 
climax with an abundance of large trees widely spaced. These large trees 
furnish a very dense canopy which excludes much sunlight from the floor 
of the forest. As a result, the ground cover of herbaceous plants is 
sparse and scattered. Poison-ivy (Rhus toxicodendron) was the most im- 
portant element of the ground cover. There is a deep layer of humus and 
decaying leaves, which acts as a sponge during wet weather to absorb the 
excess moisture and tends to hold this moisture during long periods of 
drought. 

The partly cut-over region (Section B) resembles the oak-hickory climax 
Quercus-Carya with the exception that the trees were not as large and in 
some cases there are dense patches of undergrowth. The only second-layer 
tree of any importance is the dogwood Cornus florida. There is practically 


2As classified by J. E. Potzger and Ray C. Friesner, Butler University 
Botanical Studies, Vol. III, paper 3, page 85. 
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an absence of the common early successional species which are found 
growing on cut-over areas. Example: the sassafras Sassafras officinale, per- 
simmon Diospyros virginiana, Dwarf Sumach Rhus copallina and sweet gum 
Liquidambar. 

Section C represents an area of various peculiarities unlike that of 
sections A and B. Here the trees are much smaller with dense stands 
in some places, while in other places there are open grass tracts and 
copses which are very frequent. The oak-hickory-ash Quercus-Carya-Frarinus 
climax prevails. In certain open places there are large patches of lichens 
and xerophytic mosses. Some trees have reached twelve inches in diameter. 
The stand is very thick and consists of various scrub species of oak, some 
hickory and ash. These scrub species of oak are absent in sections A and 
B, which suggests that in seventy years, oak-hickory Quercus-Carya has 
regained dominance by crowding out the scrub species. These four sections 
give one a picture illustrating the rapidly advancing succession from the 
open field, through thicket and bramble stage, to climax forest in the period 
of from fifty to seventy years. 
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Testing for Organizing Ability in Biology 
C. E. Montgomery 
Northern Illinois State Teachers College, DeKalb, Illinois 


One of the important aims in teaching biology in the public schools is 
to develop the ability of students to organize their materials into some 
reasonable form. Many teachers apparently assume that pupils automati- 
cally do this. Only a casual observation of the results of much of our 
school work will be necessary to convince one that such is not the case. 
The now popular objective test gives the teacher information concerning the 
ability of students to memorize but suggests little about their ability to 
organize. 

Organization consists of three important factors, the gathering of data 
or facts, putting them together in a logical relationship and emphasizing 
the items that need special attention. Most teaching work stops with the 
first step. If there is anything done about the other two, the teacher carries 
through in his own mind, but not many of the pupils follow. Merely 
memorizing a few facts is a convenient place to stop. Besides encouraging 
pupils to organize their materials by means of assignments, recitations, etc., 
the instructor should set up a definite plan to test the organization work 
of the class and let it be understood just what the program is to be. 

The old essay type of examination, which is almost a relic at the 
present time, can be used here to a very good advantage. In order to make 
a worth while project of the plan, it is necessary that the teacher work the 
questions out carefully and in detail. Questions should cover work that 
has been gone over in class, but not in just the same way. They should 
be long enough to permit of a reasonable organization, but not so long 
that there will be too great a body of facts involved. Questions requiring 
from ten to fifteen facts for a complete answer are very convenient. These 
facts should be clearly laid out in the teacher’s mind before giving the test 
to the student. The questions should also admit of more than one type of 
organization. This makes the task heavier for the teacher but gives the 
pupils opportunity for self-expression and removes some chances of their 
memorizing the organization along with the facts. 

This study was made with a class of twenty college freshmen in a 
course of general biology. The range in ability was from just passing up 
to the A grade. Five different tests were given during the term, one was 
wholly essay, the others, combinations of essay and objective. In each case 
only one essay question was considered. The pupils knew beforehand the 
type of test to be given and that the essay questions were given to see 
what they were doing with organization. The answers were graded on 
both the number of correct facts and the type of organization. There are 
many weak points in this procedure, but at the same time it is much more 
reliable and suggestive than the old way of doing the work or than relying 
upon the objective test only for grading. There may be some objections 
to the use of the essay test for organization, but it will not be necessary 
to go through many examinations to discover that the students will try 
to use some logic in their putting facts together when they know that they 
are being checked on that phase. 
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The results of these tests showed very clearly that students will try 
to organize their work when there is a definite emphasis being placed upon 
that factor. No two organizations are likely to be alike, and a few pupils 
will not seem to have any. Incorrect statements appear and must be con- 
sidered as weak points in the organization or against the grade on facts. 

The teacher must be careful not to base the grade entirely on the 
number and correctness of facts. If these features are to be the purpose 
of the test, the objective type is much superior to the essay. 

This study leads to the following suggestions: 

1. That there needs to be a definite effort on the part of biology teachers 
to encourage students to use their organizing abilities. 

2. That the ordinary classroom activities do not go far enough to help 
students in this type of work. 

3. That there should be a definite program for testing organizing 
ability. The objective test as it stands at present does not do this, but 
the essay type can be manipulated so as to be very useful. 

4. There must be a differentiation by the teacher between memorizing 
individual facts and groups of facts by students and the actual organizing 
processes that reflect the work of the person himself. 

5. That further work along this line needs to be done to develop 
better means for both training and testing organizing ability. 
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Forests of the Yarmouth and Sangamon 
Interglacial Periods 


John Voss 
Manual Training High School, Peoria, Illinois 


Pollen analysis of peat from an exposure in the valley of Mill Creek 
near Quincy, Illinois, which is Yarmouth in age, reveals trees which suggest 
a cooler climate than the present for that period. In general, that is also 
the conclusion drawn by Baker from his study of the terrestrial mollusca of 
Illinois associated with the Yarmouth interval. 

Pollen analysis of peat from two exposures of Sangamon age, one 
near Canton, Illinois, and the other at Laura, Illinois, shows a dominance 
of northern conifer forms. Some deciduous pollen is found in some of the 
strata of the Canton peat. 
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Two New Lycopod Seeds From the Illinois 
Pennsylvanian* 


James M. Schopf 
State Geological Survey, Urbana, Illinois 


INTRODUCTION 


Two new representatives of the Lepidocarpaceae are the basis for the 
following paper. 

Lepidocarpon has previously been reported*.® as abundant in coal balls 
of the Illinois coal basin, but has not been recognized from the more 
common impression fossils. The author has been inclined to question this 
anomaly in reported distribution. Recent collections obtained for the most 
part during the past year at the famous Mazon horizon in northern Illinois 
have tended to confirm the idea that Lepidocarpon is fairly common in 
occurrence in this area, although previously not recognized. Over 40 speci- 
mens of it were collected in the course of a few brief visits to the area 
previously stripped for coal in Grundy and Will counties. It is hoped 
that the information presented here will lead toward further knowledge 
of Lepidocarpon and other lycopod seeds in their different forms of 
preservation. 

Many of the plant fossils preserved in the Mazon iromstone nodules 
exhibit little evidence of compression and are preserved essentially as 
casts. To account for this it must be assumed that the enclosing ironstone 
was cemented very quickly after deposition. Dorsal and ventral cast fea- 
tures in the nodules are often easily distinguishable. Some secondary min- 
eral filling of iron and calcium carbonates or of iron pyrite may fill the 
internal cavities, but as a rule these minerals do not preserve the original 
plant structures. The plant tissues were apparently subject to a period of 
disintegration after the formation of the external cast without much im- 
pregnation by minerals. It may be that some of the minerals now present 
within the casts were precipitated in connection with the decomposition of 
the original tissues. The subsequent identification and description of 
Lepidocarpon mazonensis n. sp. is based chiefly on faithful preservation of 
the external outline of the seed structure by the fine-grained ironstone 
matrix of these casts. 

Another lycopod seed similar to Lepidocarpon in many general features 
but different in significant details has been found in calcareous coal balls 
obtained at Nashville, Washington County, Illinois,? from No. 6 coal. About 
20 different specimens have been located, but an adequate suite of sections 
is available from only three. These seeds show additional modification of 
the lycopod seed habit beyond that known in Lepidocarpon and for this 
reason have been assigned to a new genus. The description presented here 
is preliminary to a more detailed study which will require some time to 
complete. 


* Published by permission of the Chief, Illinois State Geological Survey. 
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Lepidocarpon mazonensis sp. nov. 
Plate I, figs. 4, 5a, b, c; 
Plate II, figs. 6, 7, 8a, b, 10, 14. 


Description: Large, isolated, seed-bearing sporophylls probably orig- 
inally borne on a strobilus. Lamina long (7-10 cm), lanceolate, slightly 
acuminate at the tip; 10 to 15 mm broad at the base above the sporangial 
structures and increasing slightly to the greatest width below the middle. 
On the dorsal (lower) side the midrib is impressed as an obscure central 
ridge (an indentation in the lamina itself); two lateral ridges (grooves in 
the lamina) parallel the median ridge at about a millimeter’s distance. 














PLaTE I. 


(Figs. 1, 2 and 3 drawn at same magnification, scale given.) 
Fig. 1. Illiniocarpon cadyi, pea st slightly oblique section. Stippling indi- 
cates various tissue configurations. ashville coal ball 1B2, Sect. (B2). 

2, 3. Ilimiocarpon cadyi, transverse sections of lamina. Nashville coal ball 
80X, from same specimen shown in figs. 12 and 13. 

4. Lepidocarppn mazonensis reconstruction; ca. 2/3 natural size. 

5. Lepidocarpon mazonensis; Profile sketches of iron carbonate mold ob- 
tained out of a seed cavity. Fibrous edges of the seed megaspore are 
visible at a few places in the original. 


Toward the tip the median ridge dies out first and the lateral ridges come 
closer together and nearly meet when last discernible. On the ventral 
(upper) surface the midrib is slightly different on the basal third of the 
lamina where it forms a single distinct rounded depression in the cast 
about 2 mm broad with little or no median striation. Distally the lateral 
ridges become more evident and a slight central striation is present. Fig. 14, 
a cast of the upper surface, shows these features. The lamina on either 
side of the midrib is covered with a fine microscopic longitudinal striation, 
no doubt impressed by the cuticle which is not preserved. Margins are 
entire. The lamina adjoins the sporangial structures in an are almost 
semi-circular in some specimens. Sometimes the surface in this area shows 
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rugosity or minor plications radiating from the base. In Figure 14 the 
arcuate juncture of the lamina with the seed is minimized by foreshorten- 
ing. The blade inclines upward from the axis of the seed at an angle 
approximating 45° (see figs. 7, 8a, b), although this varies with the attitude 
in which the organ was deposited. The larger size and less pronounced 
upward deflection of the lamina clearly distinguish this form from other 
species of Lepidocarpon. The blade probably functioned as a dispersal 
mechanism. 

The seed structure is apparently similar to that reported by Scott’ for 
Lepidocarpon lomazi. In a vertical plane the form is somewhat quadrate, 
about twice as long as high (See figs. 7, 8a, b). Leafy integuments typical 
of the genus enclose the sporangial (“nucellar”) cavity and almost meet 
above. Their margins continue upward for 3 mm or more toward the highest 
point and gradually decline toward the proximal upper corner of the seed 
where they join. Anteriorly the integument margins descend to close above 
the lamina and flare laterally on either side to connect with the reentrant 
laminal margins. They project more or less directly over the upper surface 
of the blade for a short distance as shown in figures 7, 8a, b. The slit 
between the integuments is well shown by a thin ironstone lamella which 
was introduced between them down to the sporangium proper at the time of 
burial. This slit filling is seen on part of the micropylar ridge in figure 
8a, but is shown more clearly in figure 10 as it appears in a seed broken 
transversely. The free upper margins of the integuments along the slit were 
quite membranous, or at least very thin, as shown by the cavities repre- 
senting them in the casts. The lower surface of the seed is keeled with a 
slight hump at the lower distal corner of the seed proper. At the lower 
proximal corner the keel is prolonged into a short stipate process which was 
probably adjoined to the original cone axis. Attachment was limited to this 
lower corner. Iron carbonate, sometimes in association with calcite, often 
fills the interior of these seeds more or less completely. The internal form 
of the seed cavity is shown by profile drawings of such a mold in figures 5a, 
b, c. The sporangial wall inside the integuments is not preserved structur- 
ally. It must have existed originally, however, because the ironstone mud 
was prevented from entering. The presence of a seed megaspore may be 
demonstrated in many specimens although only exceptionally is one found 
such as shown in figure 6. The megaspore membrane is very fibrous in 
texture and similar to the spores isolated from Illinois coal residues which 
have been compared with Triletes giganteus Zerndt.* 

The reconstruction of Lepidocarpon mazonensis has been sketched in 
figure 4 to summarize the external morphology. Such a three dimensional 
concept of the fructification would have been more difficult to attain if it had 
not been for the somewhat unique character of the Mazon casts. 

Lepidocarpon mazonensis was probably the form Lesquereux referred to 
as Lepidophyllum majus in the “Coal Flora” (p. 449) although he figured no 
specimens nor to the author’s knowledge have specimens of this species been 
figured by anyone else. David White® illustrates some sporopylls from Henry 
County, Missouri as Lepidophyllum missouriense that appear very similar 
but on the other hand additional specimens which he figures show a more 
lanceolate lamina considerably more constricted above the sporangial struc- 
tures. He further states that numerous large megaspores have been ob- 
served in the sporangia of some specimens. It may be that two rather dis- 
tinct forms are confused as L. missouriense on account of their similar 
blades; as they are now known, Mr. White’s specimens seem to have been 
free sporing and hence distinct from Lepidocarpon. Lepidocarpon mazonensis 
agrees in many ways with Lepidostrobus major as recently described by 
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Bochenski.* Bochenski has isolated seed megaspores from his specimens 
which are similar to these found in L. mazonensis. He has not observed 
integuments around the sporangium however and this is perhaps the chief 
objection to assigning his specimens to Lepidocarpon. His material was all 
coalified and considerably compressed in shale. Under such conditions the 
integumentary structures might be quite difficult to demonstrate. However 
Bochenski illustrates in his figures 27 and 28 what he identifies as prothallial 
tissue liberated out of the coaly compression by maceration methods. A 
cuticular layer illustrated in his figure 26 is described as derived from the 
sporangium wall. It is hard to believe that any remnant of the prothallus 
could withstand coalification and subsequent maceration. It seems more 
likely to the author that some of the cell patterns observed by Bochenski 
are derived from an unrecognized integumentary layer. A point of dis- 
tinction between Bochenski’s material and L. mazonensis is that the laminae 
of his specimens are minutely serrate on the margins while the Mazon ma- 
terial lacks any marginal irregularity. 

In addition to the forms mentioned above, specimens of Lepidophyllum 
auriculatum Lesq. (Holotype, U. of Illinois Geol. Dept. Specimen No. X356, 
formerly in the Illinois State Museum at Springfield), Lepidophyllum acum- 
inatum Lesq. (Plesiotype, Univ. of Chicago Walker Museum Specimen No. 
6633) and two others probably referable to Lepidophyllum mansfieldi Lesq. 
have been compared with the Mazon material. None of these showed the 
sporangial structures sufficiently well to be conclusive. The likelihood is 
however, that they will eventually need be referred to Lepidocarpon when 
the true structure is known. The presence or absence of a seed megaspore 
will not be difficult to ascertain from fresh, reasonably well-preserved 
material. 





PLATE II 


(Figs. 7, 8a, and 8b at same magnification, scale given; Figs. 11, 12, 13, and 15 
at same magnification, scale given.) 


Fig. 6. epidocarpon mazonensis, exposed seed megaspore from seed split verti- 
cal y. This seed is one of th: few which was compressed to some degree. 
The spore apex is hidden by and embedded in iron carbonate at the 
distal end of the seed (turned up in the photograph). At higher magnifi- 
cation the fibrous texture of the spore coat is clearly visible. 

7% Le pidocarpon mazonensis, broken vertically parallel to but not exposing 
the “micropylar” flaps. At the lower left (proximal extremity) the 
point of attachment is shown. 

8a,b. Lepidocarpon mazonensis, broken vertically through the center show- 
ing the extent and form of the upturned integumentary margins. Fig. 8a 
shows the slit filling adhering to one side of the cast. The distal promi- 
nence of the dorsal keel is present but imperfectly shown. 

9. rey = Y sete cadyi, enlargement of the ligule. Taken from same section 
as fig 

10. Lepidocarpon mazonensis, seed broken transversely to show view of 
“micropylar” slit from within. The cast filling of the slit is evident. 

11. Illiniocarpon cadyi, longitudinal section of seed, passing through the 
ligule and paralleling the ventral slit. The lamina of this specimen con- 
tinues slightly more than 5 cm beyond the seed, gradually decreasing in 
thickness. Nashville coal ball 62D2B, Sect. (B11). 

12. Illiniocarpon cadyi, transverse section of seed posterior to the funicular 
swelling. The ventral slit with the sporangial wall intruding part way 
is at the top; below is a keel which probably contained a vascular 
strand. From Nashville coal ball 80X, Sect. (T30). 

13. Illiniocarpon cadyi, longitudinal section ber anterior portion of the 
same seed as in fig. 12. Nashville coal ball 80X. 

14. Fappecerees mazonensis, surface features of a ventral cast. 
15. jocarpon cadyi, oblique section across seed intersecting the ventral 
slit near its posterior extremity and also at the anterior of the seed. 
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Illiniocarpon cadyi gen. et sp. nov. 
Plate I, figures 1-3. 
Plate II, figures 9, 11-13, 15. 


Description: Lycopod fructification related to and homologous with 
isolated sporophylls of Lepidocarpon. Attachment by a peduncle on the 
lower side of the seed in the manner of a half-anatroupous ovule. The seed 
proper is borne on a funicular outgrowth of the peduncle. Sporophyll lamina 
not reflexed around distal end of seed but straight, relatively long (ca. 5 
em) distally quite thin and broad. It apparently served as a dispersal 
mechanism. Seed body elliptical, 1-1% cm long, enclosed by two leafy in- 
teguments which adjoin along the top and front of the seed to provide a 
“micropylar slit” similar to that in Lepidocarpon. Ligule present at the base 
of sinus between anterior sporangum wall and sporophyll lamina; not sit- 
uated in a pit. Sporangium contains one large fertile megaspore, nearly 
filling the cavity, and three abortive megaspores. 

It is-not known how the seed-bearing axis differed from that of a 
lycopod strobilus such as possessed by Lepidocarpon but it seems likely that 
if the cone were still recognizable it would be very loose and open in its 
construction. The peduncle is short in all the specimens studied so far. 
It presents a frayed irregular termination as if no abscision layer were 
formed. 

When cross-sections of the seed are cut back of the funicular swelling 
an appearance similar to some diagrammatic representations of Lepidocarpon 
is obtained. Such a section is seen in figure 12. This same specimen was 
later sectioned through the middle and the resulting longitudinal section is 
shown in figure 13. Figure 11 shows a similar cut of a complete seed pass- 
ing through the ligule, and figure 1 shows a drawing of a similar seed cut 
more obliquely. The integumentary investment is considerably elaborated 
beyond that of Lepidocarpon. A flap of the integument even extends around 
in front of the sporangium which otherwise would be left exposed since in 
these seeds the lamina is not reflexed upward. Figures 1 and 11 show the 
seed as if it were entirely enclosed ventrally by the integuments, since these 
sections essentially parallel the ventral slit. However, more oblique sections, 
such as figure 15, give the appearance of a “double micropyle.” The slit in 
this case is intersected both anteriorly and near its posterior limit. The 
sporangium (or “nucellus”) of this seed is also elaborated. The lower an- 
terior wall, least protected by integuments, although a cushion of sporophyll 
tissue fits close against it, is thickened considerably in contrast to the parts 
altogether sheltered within the seed. The outer layer of sporangial cells 
is generally well preserved but tapetal cells within are more fragmentary. 
The sporangium is collapsed irregularly in these specimens but nearly al- 
ways extends into the micropylar slit, as shown in figure 12. At the front 
of the seed it often bulges beyond the integuments producing the character- 
istic two pronged appearance shown in figures 1, 11, and 13. The termini 
of these two plications are split and it seems in all probability that fertilizing 
elements had access to the mature gametophyte through these openings. 

One large fertile seed megaspore takes up most of the space inside the 
sporangium but three abortive megaspores are found near the anterior 
plications. No well preserved gametophytes have been found as yet although 
several seeds show a thin zone of gametophytic tissue in a few areas im- 
mediately inside the membrane of the megaspore. It may be that prothal- 
lial tissue had formed only around the periphery at the stage represented 
here, but it seems more likely that central gametophytic tissue was present 
originally and had become disintegrated prior to mineralization. 

An enlarged photograph of the ligule is shown in figure 9. Aside from 
its unmistakable presence, further proving the relationship of Illiniocarpon 
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with Lepidocarpon and the ligulate lycopods, there is little about it which 
seems to merit special attention. 

The lamina is thickest in the basal part where it is attached just below 
the ligule. The lower surface is quite smooth and slightly keeled in the 
middle, the upper surface has a broad midrib and a lateral groove on either 
side in the basal portion. The slightly oblique cross-section outline shown 
in figure 2 was taken adjacent to the distal extremity shown in figure 13. 
The space presumably occupied by the vascular strand is indicated by the 
dotted outline (vb) in the center. On either side is another poorly pre- 
served area (p); these probably are connected with the parichnos. Ob- 
viously the rigidity of the lamina was chiefly governed by hypodermal 
sclerotic tissue. Figure 3 is another cross-section outline from the same 
specimen taken about 12 mm beyond figure 2. The black outlines slightly 
exaggerate the extent of sclerotic tissue. 

Vascular tissues are notable for their poor preservation in the specimens 
which have been studied. The supply after leaving the peduncle seems to 
divide, one strand proceeding to the seed and one to the blade. 

This species has been named in honor of Dr. G. H. Cady, Senior Geologist 
and Head of the Coal Division of the Illinois State Geological Survey, not 
only because he was instrumental in obtaining the present excellent col- 
lection of Nashville coal balls, but because, as Dr. A. C. Noé records in an 
as yet unpublished manuscript, the first coal ball recognized as such from 
this country was collected in the Harrisburg region by Dr. Cady. 

All specimens illustrated are in the Illinois State Geological Survey Col- 
lections, Urbana, Illinois. 


DISCUSSION 


Fredda Reed*® has recently discussed the seed habit with reference to 
Lepidocarpon and her remarks apply equally well to both forms described 
here. Not only do these fructifications “retain” their functional megaspores 
but it seems that the lamina was modified into an organ for seed dispersal. 
Thus it forms an adaptation quite analagous with the wings of pine seeds or 
those of certain angiosperm fruits. As pointed out by Miss Reed, retention 
of the megaspore may sometimes occur in heterosporous cryptogams, e. g., 
Selaginella, but for true attainment of the seed habit, sport retention should 
imply marked nutritional advantage to the gametophyte. It has become 
more apparent that the megaspore coats of Lepidocarpon and related forms 
were particularly adapted for growth at the expense of sporophyte. The 
protective value of the spore coat was largely if not entirely lost and this 
function was assumed by the elaborated sporophyll. Consequently these 
fructifications had progressed much further along the road to the seed habit 
than is necessary to assume by mere retention of the spores. The fact that 
embryos have not been preserved in Paleozoic seeds found so far seems be- 
side the point since they could have been formed only within the enclosed 
gametophyte. The bond between gametophyte and sporophyte had become 
so well established in the fossils just described that it seems necessary to 
conclude that lycopod fructifications such as these had become true seeds 
inasmuch as they possessed all the essentials of the seed habit. 


SUMMARY 


Two lycopod fructifications have been described. One is referable to 
Lepidocarpon Scott and is described as a new species. It seems that Lepido- 
carpon is more widely distributed than has been previously recognized and 
that several large bladed lycopod fructifications now known only from im- 
pressions may possibly be transferred to this genus when more completely 
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known. The other fructification described, while clearly comparable with 
Lepidocarpon in many respects, is assigned to a new genus Illiniocarpon. It 
shows more extreme modification of the lycopod seed habit especially in its 
pedunculate mode of attachment. Both Lepidocarpon and Illiniocarpon are 
considered to possess all the essential features of seeds although they evolved 
independently from “spermatophyte” lines of descent. 
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Preservation of Fungi in Ancient Wood 


Leo R. Tehon 
State Natural History Survey, Urbana, Illinois 


About two years ago a specimen of ancient wood found in Manito Bog, 
which is a grass- and sedge-covered peat bed located in the northern part of 
Mason County, Illinois, was submitted to the writer for identification. This 
wood was so well preserved that with care very acceptable microtome sec- 
tions could be made of it. In examining such sections filaments of a very 
fine and delicate fungus were encountered, with indications in the wood that 
this fungus had been present in the living tree as a parasite. Since then a 
number of other samples have been secured and sectioned, and the sections 
have been searched for fungi with the success reported in this paper. 

By microscopic characters, the wood might be either larch or spruce. 
Arthur Koehler, of the U. S. Forest Products Laboratory, who has examined 
large pieces of it, believes it is the latter because of certain growth-ring 
ratios considered to be distinctive of spruce. The age of the wood is not 
capable of exact determination. Manito Bog, which lies eight to nine miles 
beyond the terminal morain of the Early Wisconsin glacier, was apparently 
a portion of the drainage channel for waters of the Wisconsin glaciers. It 
probably came into existence following their retreat. The retreat of the 
Early Wisconsin glacier has been placed at 40 to 150 thousand years ago, 
that of the Late Wisconsin at 20 to 60 thousand years ago. The minimum 
age of the wood specimens may be considered, then, as being very nearly 
20,000 years. 

The preservation of fungi as fossils through very long periods of 
geological time has, of course, been demonstrated. Hirmer’® has given a 
recapitulation of such reports, showing preservation of very primitive fungi 
in Silurian, of Pythiaceae in Neocene, and of Pucciniaceae in Carboniferous 
times. The accompanying figures 1 and 2, which are of original photo- 
micrographs of fossil fungi of Devonian times (from silicified peat beds in 
Old Red Sandstone at Rhynie, Aberdeen, Scotland) show how perfect pres- 
ervation in fossil form may be. But preservation of real fungous filaments 
in their natural state over long periods of time has not been reported 
before, so far as the writer is aware. 

In sections made from the Manito Bog specimens the following four 
types of fungi have been found. 

1. Fungous filaments, shown in figure 6, exhibiting evidence of having 
been parasitic in the wood at the time the tree was alive. These filaments 
are very fine and delicate and stain only faintly with stains differential for 
fungi in woody tissues. They run longitudinally through and laterally across 
tracheae on both sides of the annual ring boundaries. In passing from cell 
to cell they frequently make use of the bordered pits, but evidence of their 
parasitism is presented in part by the fact that they also were able to bore 
directly through cell walls and in part by the fact that, where this 
occurred, callosities are still visible on cell walls at many points of pene- 


1Hirmer, Max. Handbuch der Palaeobotanik. R. Oldenburg, Muenchen und 
Berlin, 1927. pp. 112-128. 
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PLATE 1.—Preservation of Fungi in Ancient Wood. 
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tration. Further evidence of parasitism is seen also in the shrinkage and 
collapse of secondary and tertiary cell-wall thickenings in heavy-walled 
fall wood. 

2. Fungous filaments, shown in figure 5, that suggest a purely saprophytic 
relationship with the wood in which they occur. These filaments are coarse 
and retain differential stains quite strongly. They run lengthwise and 
crosswise of tracheae and in passing from cell to cell make use only of 
bordered pits. No instance of direct cell-wall penetration was observed. 

3. Fungous hyphae, shown in figure 4, bearing enlarged, dark, chlamy- 
dosporic cells. These filaments are of moderate size and are perfectly pre- 
served, even to the cross walls in the hyphae. They still react moderately to 
differential stains. This form is very similar to fungi now economically 
important as causes of wood stains in timber. 

4. Minute, isolated cell aggregates, shown in figure 3, which are 
obviously sclerotic resting bodies. These are muriform in structure, brown, 
and translucent. They do not react to differential stains. Where they were 
found, no hyphae were observable in any tissues except the rays; and there 
was no apparent connection between these hyphae and the sclerotia. 

The question might be raised whether these fungi are coeval with 
the wood in which they occur. In the first instance evidence of parasitism 
is so positive as to permit no doubt that the fungus was associated with 
the death of the tree. With respect to the other three, circumstances are 
almost equally convincing. At the present day this preserved wood lies 
beneath three to four feet of peat. According to available records, the bog 
has been drained and probably farmed since before 1901. Since drainage 
and cultivation greatly speed up peat decay, the present three- to four-foot 
coverage does not represent the total amount of peat deposited following tree 
growth. The wood specimens had not been uncovered before being taken, and 
it seems hardly possible that the fungi could have invaded the wood within 
recent years. 

The material discussed in this paper has had two points of special 
interest to the writer. The first, of course, is the clear evidence of preserva- 
tion through a very considerable period of time of the very minute and 
fragile threads of which fungus bodies are made. The second is the indi- 
cation that diseases of trees, human knowledge of which is but little more 
than half a century old, were in existence and played important parts both 
in the death of trees and in the subsequent disintegration of tree tissues as 
much as 20,000 years ago. 


EXPLANATION OF PLATE 


Fig. 1.—Pythium-like fossil fungus from Devonian times. Fig. 2.—A Puccinia- 
like fossil sorus on the epidermis of Rhynia major from Devonian times. Fig. 3.— 
Isolated sclerotic fungus bodies in crushed woody tissue of ancient spruce. A 
single fungous hypha can be seen in the cross section of the wood ray. Fig. 4.— 
Fungous hyphae and chlamydosphores similar to present wood-staining fungi in a 
longitudinal section of ancient spruce wood. Fig. 5.—Apparently saprophytic 
fungous hyphae in a longitudinal section of ancient spruce wood. Fig. 6.—Cross 
section of ancient spruce wood, showing fungus filaments in early spring cells and 
shrinkage of secondary cell walls in fall wood. 

(Photomicrographs by Ray R. Hamm, University of Illinois Photographic 
Laboratory. ) 
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Chromosome Numbers of Amaranthaceae 


Mildred H. Willoughby 
Rockford Senior High School, Rockford, Illinois 


Recent literature reports a number of chromosome counts made on 
species of the Amaranthaceae. Both Gaiser’ and Tischler’ record only one, 
Celosia argentea L. var. cristata Kuntze (Celosia cristata L.), reported by 
T. Morinaga et al.* It had a haploid number of 18. A count has been re- 
ported on Achyranthes bidentata Bl. by T. Sugiura.“ The diploid number 
was 42. F. Takagi’ records chromosome numbers for six more. Amaranthus 
tricolor L., A. Blitum L., and A. spinosus L. have a haploid number of 17 
and a diploid number of 34. Amaranthus paniculatus L., A. mangostanus L., 
and A. caudatus L. have a haploid number of 16 and a diploid number of 32. 

















PuLaTE I. 


1. Celosia pat ape age L. var. Childsii and 2. C, argentea L. var. chrysanthiflora, 
pollen mother cells in metaphase of meiosis I. 3. OC. argentea L. var. Thompsonii 
in metaphase of meiosis II. 4. Amaranthus caudatus L. and 5. A. hybridus L. in 
metaphase of meiosis I. 6. A. hybridus L. forma hypochondriacus (L.) Robinson. 
7. Alternanthera sessilis (L.) R. Br. in metaphase of meiosis I. 8. Gomphrena 
globosa L. var. carnea and 9. iroelichia floridana Mog. in metaphase of meiosis II. 
All figures are magnified x 1600. 
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In preparing the material the method of killing and fixing which proved 
most successful was to pick the buds at approximately the time that the 
pollen mother cells were dividing, about 1:30 P. M. on a sunny day, and to 
put them at once into a mixture of one part glacial acetic acid to two parts 
absolute alcohol. The pollen mother cells could then be examined in aceto- 
carmine at any time within the next forty-eight hours. 

Camera lucida drawings were made with a Zeiss microscope with 2 mm. 
homogeneous immersion objective 1.3 N. A. and 160 mm. tube length using 
a compensating ocular No. 18. This arrangement with camera lucida pro- 
duced drawings magnified 4000 times. These are reduced to x 1600 in the 
accompanying figures. 

A count was made on three varieties of Celosia argentea L.: var. Childsii, 
var. chrysanthiflora, and var. Thompsonii. All three had a haploid number 
of 18. 

According to Schinz*® Celosia belongs to the tribe Celosieae in the sub- 
family Amaranthoideae. Achyranthes and Amaranthus belong to the same 
subfamily but to different subtribes of the tribe Amarantheae. Chromosome 
counts were made on Amaranthus hybridus L. and A. hybridus L. forma 
hypochondriacus (L.) Robinson, and a recount on A. caudatus L. In all 
three the haploid number was 16. 

Pollen mother cells of three species of the subfamily Gomphrenoideae 
were examined. All three belong to the same tribe, Gomphreneae. Froelichia 
floridana Mog. and Alternanthera sessilis (L.) R. Br. belong to the same 
subtribe, Froelichiinae. Both have a haploid chromosome number of 12. 
The chromosomes of Froelichia floridana (fig. 9) were the largest of any of 
those counted at this time. The pollen mother cells were also the largest 
and were very few in number. Gomphrena globosa L. var. carnea belongs to 
the subtribe Gomphreninae. Its haploid number was also 12. 

The chromosome counts so far made on the Amaranthaceae show more 
variation in number among the Amaranthoideae than among the Gomphre- 
noideae. The numbers as far as they are known at present are tabulated 
in the following list: 


SPECIES n 2n REPORTED BY 
Celosia argentea L. 

WOR EE ek bet acc cho dk cb 6c ec Seapets MW ERETY EL ee Cee Present paper 

GE: I Ek 6 dec ecdecccncctnus tas Wane xcanneas Present paper 

VOR CH SD ha bo vec ccciceccsnes MS bicoakews Morinaga et al, 1929 

WER. FE “bare 6.5 6:0 Wemawesscwenent Gkivetuaaselaeeian Present paper 
SEETEII- HHOE Biss cdc ccccceivcccoeses : ree ia whi Takagi, F. 1933 
Pg ee ne eee AT Bes «cae Bb aawes Takagi, F. 1933 
De TT RTT TIT Ee DUS i nha a RAD EOO Ried Present paper 
Ee EN MERC CAS Wale Sa pb eeG ies chs bt eae ene Detetdstacicenws Present paper 
A. hybridus L. var. hypochondriacus (L.) 

RAS Pr ees Serene Cee eee MRA itis ewehe Present paper 
py PS Ore ee Pere ee ere Takagi, F. 1933 
ek PR ee eee ore Peers Se Takagi, F. 1933 
ie SE Ba SS eo re whe cides ss dd wa eee ore Re Mies Gis caus Takagi, F. 1933 
Pe he a eee ee eee Bett ee Takagi, F. 1933 
MGTUUREGD DERURREE: Bis in ccc cc evict cis odie GB. eee Sugiura, T. 1931 
Froelichia floridana Moq.................+. OG: Chi wsdl CESS Present paper 
Alternanthera sessilis (L.) R. Br.......... ee Sees eben Present paper 


Gomphrena globosa L. var. carnea......... Re hiv. coe ea Present paper 











152 Illinois State Academy of Science Transactions 


I am indebted to Dr. C. S. Gager, Director of the Brooklyn Botanic 
Garden, for furnishing seeds of the species mentioned except Amaranthus 
hybridus L. and A. hybridus L. forma hypochondriacus (L.) Robinson. I am 
indebted also to Dr. John T. Buchholz of the Department of Botany at the 
University of Illinois for suggestions and criticism. This investigation was 
carried out while the writer was holding the Rockford College Scholarship 
to the Graduate School of the University of Illinois. 
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Humidity Variations Affecting Transpiration 


H. F. Thut 
Eastern Illinois State Teachers College, Charleston, Illinois 


Few data are available on the influence of humidity and its effect on 
transpiration. General botany texts usually state something to the effect 
that if other things are equal, the drier the air the more rapid transpira- 
tion. No mention is made of the extent or degree of the influence of 
humidity. The statement is only a general one. It was hoped in this work 
to find some relationships between the per cent of humidity and the amount 
of transpiration. 

The method employed was a local one on the lower surface of the leaves 
tested. Bottles were constructed which had an exposure area, to the leaf 
of .71 sq. cm. This area represented 1/25 of that of the inside area of the 
bottles. The humidity within the bottles was controlled by concentrations 
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of sulphuric acid. Most of the experiments were performed by using 0, 20, 
35, 50, 65, and 100 per cent sulphuric acid. These concentrations give a good 
humidity curve from near 0 to 100 per cent. 

The low bottles were filled so that the sulphuric acid was 2 cm. from 
the opening of the bottles. The bottles were weighed and then exposed 
for an 8 hour period to the water loss from the lower epidermis of the plant 
leaves. The exposure was made by pressing the leaf against the opening of 
the bottle and holding it in place by a glass slide weight. After exposure, 
the bottles were again stoppered and weighed and the differences noted. 

The results obtained were compared to the absorption by the same 
bottles from humid air. Exposure of the bottles to humid air gave the 
characteristic absorption curve predictable for these concentrations of sul- 
phuric acid. 
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Results were obtained for red and yellow coleus, varieties of Coleus 
Blumei, cotton (Gossypium hirsutum), Hibiscus Rosa-sinensis and Lantana 
camara. 

The graph illustrates the type of data obtained. A comparison is made 
between the water absorbed by the bottles from the air in a moist chamber 
and from red coleus plants. The two curves are quite similar. The greatest 
divergence in the two curves occurs at the highest concentration of sulphuric 
acid or in the region of the driest air. 

The leaf tissues probably not only reach the limit of their water-supply- 
ing power but also there is a marked tendency for the stomata to close. 
Some of the other plants, especially cotton, showed a more marked drop in 
the curve. In the dry atmospheres there is a tendency for leaves to reach a 
limit in their water loss, beyond which transpiration is not increased with 
decreased humidity. 

In the high humidity bottles, i. e., in the bottles having the low con- 
centrations of sulphuric acid, the bottles lost water to the leaves. As these 
leaves were exposed to the dry air of the laboratory, they no doubt had a 
saturation deficit and that part of the leaf exposed to the humid air of the 
bottles absorbed moisture. Leaves can absorb moisture from the air. 
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The Teaching of General Botany in Liberal Arts 
Colleges for Women 


Sister Mary Therese, B.V.M. 
Mundelein College, Chicago, Illinois 


It has frequently been declared that the poorest teaching is to be found 
in colleges and that college teachers as a group have little sympathy for 
the science of education and no time for considering methods of scientific 
procedure in teaching. 

Confident that these charges are unwarranted, members of the botany 
department of Mundelein College recently undertook a survey of “The Teach- 
ing of General Botany in Liberal Arts Colleges for Women”. Unusual in- 
terest was manifested in a questionnaire which was sent to 132 colleges 
located in 32 States. These institutions were chosen because they were listed 
as fully accredited colleges in the 1936 directory of American Universities 
and Colleges. Of this number 107, or 81%, responded. In not a few cases 
letters accompanied the returned questionnaires from department heads 
soliciting a copy of the survey when published. These facts, of themselves, 
may be taken to indicate professional interest. 

The purpose of this survey was to secure scientific data concerning the 
present status of general botany as it is taught in liberal arts colleges for 
women. Information bearing on this problem was not readily available and 
therefore, a questionnaire was resorted to. In order to avoid undue length 
the questionnaire was limited to salient points. However, much _ supple- 
mentary information was offered by many of the colleges. 

With 32 States represented in the returns, it was considered of interest 
to arrange the colleges territorially and to observe whether or not the teach- 
ing of botany varies in the colleges according to location in the New England 
group, the South Atlantic, the South Central, the North Central, the West- 
ern, or the Pacific States. A summary of the results follows: 

With many college administrators it is frequently debatable whether a 
year course in General Botany can, without undue loss to the students, be 
shortened to that of a semester, or a semester course be profitably extended 
to that of a year. Many factors such as the teaching load, class registration 
and laboratory equipment, to mention only a few, must necessarily be con- 
sidered. Of those offering general botany, 61% of the colleges have chosen 
the year course, and 36% the semester course. According to territorial rating 
the distribution is general. 

Regarding the choice of method of conducting lecture and laboratory 
work 13% of the institutions use the combined lecture-laboratory method, 
and 87% employ separate lecture periods and laboratory periods. In the 
former group the average time is from six to eight hours per week; in the 
latter, two lecture periods. 

Not infrequently the question is raised: “Should students be required to 
make their own laboratory drawings or should they be allowed to label pre- 
pared drawings?”. Ninety per cent of the colleges are in favor of having 
each student make her own drawings. 
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Regularly established quizzes to systematically follow up laboratory 
work are used in 93% of the colleges. Tests of various types are employed 
including written and oral, objective and standardized forms here listed in 
the order of their popularity with instructors. The remaining 7% of the 
institutions have not established the custom of laboratory testing. 

Contrary to common opinions, instructors in botany enrich their courses 
with the aids to visual education, guest lectures and radio programs. These, 
along with the usual laboratory variety of equipment of charts and models, 
are in frequent use in 92% of the colleges. 

The students’ interest is further stimulated and allowed expression 
through the medium of projects which are carried on outside of regular class 
periods in 51% of the institutions. The list of topics compiled from examples 
offered by colleges exceeded fifty in number and could be conveniently 
grouped into suitable seasonal studies. 

Without any doubt field trips are considered an essential supplement to 
theory, and are included in the general botany courses of 86% of the col- 
leges, the average number of trips being 2 or 3 during the semester. To- 
gether with this approach to a comprehensive course may be mentioned the 
use made of college greenhouses where students have the opportunity of 
cultivating plants and of watching them grow. 

Of all the questions proposed for consideration the one that evoked the 
greatest diversity of opinion was that concerning the time evaluation placed 
upon the study of Plant Physiology and the four main divisions of the plant 
kingdom, regardless of the order or method of development followed in the 
course. For example, quoting the lowest and highest rating for each division 
we have: Thallophytes from 0 to 40% of the course time; Bryophytes 0 to 
22%; Pteridophytes 0.9 to 40%; Spermatophytes 3.6 to 83.3%; Plant Physi- 
ology 0 to 91%. The average evaluations are: Thallophytes 19% of the 
course time; Bryophytes 10%; Pteridophytes 11%; Spermatophytes 37%, 
and Plant Physiology 23%. The North Central States approach nearest the 
average in all five estimates. 

One might hastily conclude that this diversity in time allotments reflects 
the opinions of authors whose textbooks are employed. However, we meet 
considerable uniformity in textbook selection which indicates that responsi- 
bility for the evaluation of these divisions is assumed not by the author but 
by the individual instructor. Here the geographical locations of the colleges 
and hence their natural resources also play a part. 

Concerning textbook selection it is reported that 40% of the colleges 
employ the same text. Contending for second place are two other textbooks 

‘ each receiving a patronage of 10%. The remaining 40% of the colleges 
place their selection with one of 16 others serving the same field. Among 
laboratory manuals mimeographed sheets prepared by the department or the 
instructor are almost unanimously preferred. 

That courses are scientifically as well as systematically planned and 
executed may be deduced from the personnel responsible for such planning. 
For example, in 70% of the institutions the head of the department together 
with his associates outlines the courses of study with the approval of the 
administration. Other practises vest authority in the instructors of the 
courses or in a Committee on Studies. Direct correlation with other depart- 
ments is sought by the botany departments of 74% of the colleges. Home 

Economics, Chemistry, Social Service, Physical Education, Physics and Edu- 

cation head the list of 25 correlated departments. 

Student guidance, so popularly advocated today, receives staunch sup- 
port from botany professors in 88% of the institutions. Many instructors 
require students to come for conferences regularly but the majority prefer 
extending such assistance only to students doing work below par or to stu- 
dents who voluntarily seek assistance. 
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Usually the demand for a subject can conveniently be used as a criterion 
of success. Judging courses in general botany from this evidence, 72% of 
the colleges answering this question reported an increased demand among 
their students, and 26% reported a decline. Others had no estimate or re- 
ported no apparent change. 

In conclusion, based upon the results of this survey, a typical course in 
General Botany in a Liberal Arts College for Women, (1) is a year in length, 
(2) is conducted in separate lecture and separate laboratory periods, (3) 
requires students to make their own laboratory drawings, (4) includes 
laboratory quizzes, (5) requires student projects and field trips, (6) is sup- 
plemented with various aids to teaching, (7) is outlined by the head of the 
department with his associates, (8) correlates with other departments and 
(9) allows instructors time for student conferences. 
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Spore Germination and Thallus Development 
in Porella 


Paul D. Voth 
University of Chicago, Chicago, Illinois 


AN ABSTRACT 


Since no extensive account of spore germination in the leafy liverworts 
exists, this study was undertaken as preliminary to a comprehensive publi- 
cation on the life history of Porella. Living plants of this genus were 
secured from the vicinity of Corvallis, Oregon, at regular intervals during 
the winter and spring of 1937. Judging from the large spores which may 
attain a diameter of nearly 90 microns, the species under consideration is 
Porella navicularis (Lehm. et Lindenb.) Lindb. When planted, the green, 
echinujJate spores sink to the bottom of the modified Beyerinck’s nutrient 
solution which serves as the growing medium. Even if submerged in several 
millimeters of nutrient solution, the spores germinate readily when the con- 
taining culture dish was placed in diffuse light in a moderately heated room. 
Tips of Porella plants with adhering or imprisoned germinating spores were 
embedded in paraffin and sectioned at five to seven microns. 

According to Herzog,‘ Porella (Madotheca), Pellia, Conocephalus (Fega- 
tella), Androcryphia, and Dendroceros have multicellular spores at the time 
they are shed from the sporangium. Goebel’ discusses spore germination in 
all of these genera briefly and mentions that Porella and Frullania germinate 
much like Pellia, but states specifically that the spore of Porella undergoes 
cell division after its dispersal. This is true of Porella navicularis since a 
one-celled spore was found in a dehisced capsule. Whether the spore was 
a product of the capsule in which it was found or whether it originated in 
another capsule, could not be ascertained. In either case, the fact remains 
that this ungerminated spore was found in a capsule which had shed most 
of its spores. In this investigation all closed capsules have been found to 
contain uninucleate spores. 

The manner of spore germination can be illustrated by a spore which 
was accidentally caught in an archegonial involucre surrounding the base 
of a mature sporophyte. Serial paraffin sections revealed that this spore had 
germinated to form approximately 16 cells, all within the spore wall. Judg- 
ing from its location and prominence, the first wall divided the one-celled 
spore into a two-celled gametophyte. Subsequent walls usually form at 
right angles to the preceding one. In some instances, however, walls form 
which are radial with respect to the whole thallus. Such cells appear 
triangular in section and resemble to some extent the pyramidal apical cell 
of an adult plant. However, these triangular cells are not visibly different 
from the other cells of the thallus. 

As early as 1862, Hofmeister’ described spore germination in Radula 
complanata. The sequence of wall formation closely resembles that of 
Porella except that the young thallus appears to be a plate of cells and not 
a sphere. 
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During early thallus development, the spore wall has retained its outward 
appearance. Although the cells of the gametophyte have increased in num- 
ber, they occupy a space essentially that of a mature spore. 

Median sections of a spore or of a young gametophyte show a wall of 
two layers. The third layer of the spore wall as described by Goebel’® was 
not distinguishable in the mature spore. Continued cell development of the 
thallus finally exerts enough pressure to rupture the spore coats. Parts of 
the thallus, which commonly are the apical end and the primary rhizoid, 
protrude from the spore wall. The number of rhizoids in Porella sporelings 
varies from none to two, when young rhizoids contain numerous plastids 
which disappear with age. 

When a thallus consists of approximately 50 cells, a definite apical region 
with a distinct apical cell has been differentiated. In those thalli with a 
single rhizoid the apical cell may be diametrically opposite the rhizoid or 
inclined at an angle of 90 degrees from the rhizoid. This apical region is 
the source of all “leaves” and branches. Differentiation of a ventral leaf or 
amphigastrium was observed to take place before the lateral (dorsal) leaves 
made their appearance. When apparent, the lateral leaves are not yet 
differentiated into lower and upper lobes. This differentiation occurs later. 
Goebel* has figured a young thallus of Porella which is older and already 
has several sets of leaves. No other illustrations of Porella in the process 
of spore germination have been found in the literature. 

Once the apical cell has given rise to additional cells which in turn 
differentiate into axis, leaves, and branches, the pattern of the plant is 
established. It can perpetuate itself by means of apical growth indefinitely. 

It is noteworthy that in Porella navicularis as well as in most of the 
leafy liverworts in which germination studies have been made by Goebel’ 
(Lejeunea, Polyotus, Frullania, etc.), no filament is formed in spore 
germination. Campbell’ also points out that in Porella the formation of a 
filament in early thallus development is completely suppressed. The de- 
velopment of a spherical thallus may be to the advantage of such plants as 
Porella since, as Goebel® suggests, a compact group of cells probably can 
withstand alternate wetting and drying better than a filament of cells. 
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Nature Education in Parks 


Elizabeth White 
Blue Island Community High School, Blue Island, Illinois 


Nature Education in parks is a response which has developed in recent 
years to a need for a type of recreation which would satisfy the mental and 
aesthetic demands as well as the physical. This movement is a timely one 
dovetailing into many of today’s social problems such as (1) leisure time, 
(2) enrichment of life, (3) adult education, and (4) conservation. 

Because of the greater amount of leisure time, the character as well as 
the number of people attending parks has changed. A few years ago people 
sought the out-of-doors on days of leisure because there they could find rest 
physically and mentally. That is no longer true; today the trend is toward 
activity. With the vastly increasing numbers using our parks it is neces- 
sary that they learn the reasons for conservation. This is a problem of the 
nation concerning which all citizens should be informed. 

In 1920 a few people sensed the need and a foundation was laid when 
Harold C. Bryant and Loy Holmes Miller conducted field trips in Yosemite 
National Park. Naturalist work in the national parks increased very 
rapidly and is now well organized as the Branch of Research and Education 
in Washington, D. C. under the National Park Service. 

A study of nature education being carried on in state parks shows that 
very little is being done under the auspices of the states. A small amount 
has been done in some Iowa parks by the Iowa State College at Ames 
through the cooperation of the State Board of Conservation. It was my 
privilege to do some of this work in the summer of 1935. 

Guided trips and nature trails are the principal methods being used in 
state, municipal and other small parks. My work dealt principally with the 
nature trail. This method was first successfully employed by W. P. Alex- 
ander of the Buffalo Society of Natural History in the Allegany State Park 
in New York, and later crystallized by Dr. Lutz, Curator of Insect Life of 
the American Museum of Natural Science. Several projects have received 

i their inspiration from Bear Mountain, New York, where the trails and 
trailside museum now represents the most extensive nature guide service 
outside the national’parks. 

In the work done in.the Iowa State Parks we attempted to find if the 
people visiting the parks were interested in a labeled nature trail and what 
types of labels were educational. 

Temporary trails were laid out using commercial markers requiring 
4x6 and 8% x 11 placards and varying from 18 to 40 inches in height. A 
number of objects of interest were selected and suitable placards prepared. 
These placards were made to vary as much as possible, but in order to 
evaluate the interest shown by the people and the educational value they 
were considered to be of four types. 

1. Those contrasting or comparing two plants, as “Virginia Creeper. 
This plant is often mistaken for poison ivy. It always has five leaflets while 
poison ivy always has three. Look for poison ivy farther along this trail” 

(A drawing of a leaf of each followed.) 
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2. Those naming and describing the plant and giving its botanical 
relationship, as “Horse Mint. The flowers of this plant are very striking 
along roadsides. Like other mints this plant has a distinctive odor and a 
square stem.” 

3. Those telling the use of a plant, as “Basswood or Linden. This is 
a tree whose wood is quite valuable. It is soft, light, tough, and long 
fibered though not durable. It is highly prized for paper pulp, woodenware 
and excelsior.” 

4. Those containing a picture, as “Do you know that most of our 
grasses have beautiful flowers? This is a picture of our common Kentucky 
Blue Grass magnified fifty times.” (This was placed where Kentucky Blue 
Grass was growing.) 

By counting the number of people who passed over the trail and the 
number who read the markers it was found that over sixty per cent of the 
people read all of the labels and an additional twenty per cent read the 
majority of them. 

Considering the amount of time a visitor spent as a criterion, people 
were most interested in a marker containing a picture. Next in interest and 
ranking near the first were those contrasting or comparing two plants. 
Some labels which might not appeal to one person might have a great appeal 
to another, and a nature trail should have some appeal to every person 
who might be found on its path. On a very mossy bank the marker was 
placed containing the question, “How many kinds of moss can you find 
here?”. Of the three hundred and seventy people who read the marker only 
about thirty made an attempt to answer it. Five people were observed to 
sit down and remain for over ten minutes to study the mosses. Was it 
worthwhile to place this marker here for those five people? 

Some of the conclusions of this study are: 

1. At least eighty per cent of all the people who go on the trails in 

Iowa parks are interested in the nature trail. 

2. A label containing a picture or contrasting two objects holds the 
interest for the longest period of time. 

3. A label or series of labels consuming more than a minute are valu- 
able to one-third of the visitors. 

4. Labels giving new facts concerning some familiar object or bringing 
some new object to people’s attention have the greatest instruc- 
tional value. 

5. Scientific names, or technical terms should not be used. 

In this time of mental stress, we who know the inspirational and 
aesthetic value of the out-of-doors should encourage the development of 
nature education in our state and municipal parks, for there are those who 
will never see the national parks Arno B. Cammerer, Director of the Na- 
tional Park Service, says: ‘He who has drunk deeply of the cup of pleasure 
the park has to offer, has found it an exalted spiritual adventure, the mem- 
ory of which will enrich all his days. To such a one new fields of thought 
have been opened. . . . So he goes home to study more about the par- 
ticular subject which has appealed to him. The libraries yield books on the 
subject, museums offer supplementary material, and a new avocation is 
born. We need no longer worry about the worthwhile use of that person’s 
spare time.” 

















PAPERS IN CHEMISTRY 


Extract From THE REPORT OF THE SECTION CHAIRMAN 


The program of the Chemistry Section carried fourteen papers, of which 
twelve are here represented. The others are: 
Experiments in Training Chemists for Industry, by Mabel Spencer, 
Granite City High School, Granite City. 
Modern Motor Fuels, by Gustav Egloff, Universal Oil Products Com- 
pany, Chicago. 
Attendance at the meetings averaged forty-five. 
Dr. G. W. Thiessen, Monmouth College, Monmouth, Illinois, was elected 
chairman of the Chemistry Section for 1938. 
(Signed) W. F. Bartey, Chairman 
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The Place of X-Ray Diffraction in Clay 
Mineralogy* 


W. F. Bradley 
State Geological Survey, Urbana, Illinois 


Studies in the mineralogy of clays have been unique in that the clay 
minerals are the only rather large group, mineralogically, in which optical 
and chemical data did not precede crystal structure data by one or more 
decades. 

Various arbitrary definitions of clays have suggested that the term be 
reserved for materials made up of particles below 5 or 2 or 1l#. These mag- 
nitudes are of no significance in the present paper, but they readily explain 
why petrographers were forced to await twentieth century developments on 
the microscope before seriously attacking clay problems. 

Almost contemporaneously with the optical characterization and naming 
of a number of apparently distinct clay mineral species, X-ray powder dif- 
fraction diagrams were registered for them, and these diffraction diagrams 
were used in a cataloguing sense as a criterion of identity additional to the 
optical data and chemical analyses. By 1930 six or eight rather common 
minerals and a somewhat greater number of rarer ones had been recognised. 
Since then additional work has resulted in the dropping of a few names as 
duplications, and in one or two, additions. 

In 1930, Linus Pauling presented before the National Academy of Sci- 
ences a series of papers outlining the general features of the crystal struc- 
tures of several clay minerals and of the micas, chlorites, and tale. The 
minerals included in the scope of his work were all those common silicates 
exhibiting pronounced basal cleavage, and the series of layer structures pro- 
posed were consistent with this property. These papers, offered somewhat 
as predictions, virtually did predict all the work done in this field up to the 
present. Each structure is based upon hexagonally packed layers of oxygen 
atoms, adjacent layers being su displaced as to permit the presence at the 
interstices either of silicon atoms tetrahedrally surrounded, or aluminum 
atoms octahedrally surrounded. Various minor modifications are made to 
fit specific cases. For example, in the muscovite micas one-fourth of the 
tetrahedral positions are occupied by aluminum, and the resultant deficiency 
of positive charges is compensated for by an alkali ion in the nearest open 
space. 

The resultant feature of the close family resemblance of this broad group 
of minerals is that many of the X-ray diffraction lines are common to the 
entire group. Only lines related to the respective stackings of layers or the 
distance between adjacent layers, are criteria of the identity of a species. 
Relatively pure minerals are not easily miscalled but among mixtures greater 
care must be exercised. Differences in particle size of two samples of the 
same mineral exhibit more superficial differences than do distinct species of 
equal particle size in the lower size group. Since many clays contain as 
much as one-fourth by weight of particles below .1z, identifications in this 
range cannot be avoided. 





* Published by permission. of the Chief, Illinois State Geological Survey. 
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Another feature of X-ray diffraction work which assumes prominence in 
patterns obtained from mixtures of clay minerals is absorption edges. These 
result from the fact that crystals diffract the general radiation of shorter 
wave lengths as well as the characteristic radiation being employed, and 
mark the limiting energies beyond which bromine and silver, respectively, in 
the sensitive plate or film do not absorb radiation. These edges are most 
commonly observed in powder diffractions in the same region where the 
diagnostic features of characteristic diffraction are observed. For example, 
the bromine absorption edge corresponding to the 4.45A line common to all 
clays falls almost coincident with the 7.1 line characteristic of kaolinite. 

Most of these uncertainties can be obviated by a recently developed modi- 
fication of the powder diffraction method. A clay suspension is permitted to 
dry in a flat surface, resulting in an aggregate of particles having their basal 
planes more or less parallel to the plane of the surface. Diffraction from 
such a specimen takes the form of a “fibre diagram” familiar in textile 
researches. Lines related to the diagnostic basal distances are arranged in 
one simple series and all others are reflected to the sides. 

In answer to the question, “How valid is an identification made on the 
basis of this single series of reflections?”, flakes made up of 0.054 particles 
have been mounted on an oscillating spectrograph permitting the registra- 
tion of high orders of the basal plane reflections. Satisfactory agreement be- 
tween observed and theoretical, (or one might say micro and macro crystal), 
relative intensities were observed through 16 orders for kaolinite and through 
22 orders for illite, a muscovite mica. The evidence is therefore conclusive 
that even the finest grained clays exist as the same species which are ob- 
served optically among the coarser grained. 
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Pyrethrum Growth in IIlinois* 


The Pyrethrin Content of Illinois Grown Pyrethrum 


Nicholas D. Cheronis 


Chicago, Illinois 


The growth of pyrethrum in this country is receiving increased 
attention, due to its gradually augmented use as insecticide. At the 
close of the war the imports of pyrethrum in this country were about 
2,000,000 pounds. By 1930 they had increased to 10,000,000, and now 
exceed 15,000,000 pounds per year. About 90% of this comes from Japan, 
and the balance from Europe and recently some from British East Africa. 
The species of pyrethrum which is commercially important is the chrys- 
anthemum (Pyrethrum) cinerariaefolium (Trev.) Bocce. It is a glaucous 
perennial, slender, 12 to 24 inches high, stems unbranched with a few short 
scattered hairs below the flower. The leaves are long and petioled, silky be- 
neath with distant segments; involucral scales scarious and whitish at the 
apex." 

The commercial product consists of the air-dried flowers which range 
from 6 to 24 mm. in width, and from 0.070 to 0.300 grams in weight.’ The 
flowers are either powdered, and in admixtures with other ingredients form 
the active part of the so-called insect powders, or extracted, and the ex- 
tracts used in sprays. 4 

Too great a volume of literature on pyrethrum has accumulated to war- 
rant any introduction in this paper. An excellent account, as well as an 
exhaustive bibliography, will be found in C. B. Gnadinger’s book Pyrethrum 
Flowers, Second Edition, McLaughlin Gormley and King Company, Minne- 
apolis, Minn., 1936. 

The work here reported was begun in the spring of 1932. Its objectives 
were to determine whether pyrethrum could be grown under the conditions 
of soil and climate prevailing in northern Illinois, and also to study the 
influence of various fertilizers and plant catalysts on the pyrethrin content 
of the flowers. 

At the time we began our work, there were few references to the 
growth of pyrethrum in this country. Since then, a number of reports of 
attempts to grow it have been published from many states. To my knowl- 
edge, this was the first experiment in Illinois. In 1934, another experiment 
was started at the Tribune Experimental Farm at Wheaton, Il. 

The seed from which the plants were started was imported from France, 
and was labeled Dalmatian Pyrethrum. The germination was extremely poor, 
the average being about 2%. No attempt was made to prove the truth of the 


* Joint contribution from the Synthetical Laboratories, and the Department of 
Physical Science at Wright Junior College, Chicago. 
: Adis States Department of Agriculture, Departmental Bulletin No. 824, 
p. 1-2, ( . 
2C. B. GNADINGER; Pyrethrum Flowers, p. 1 (1936). 
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statement that the seed is heated before it is sold so as to destroy its germ- 
inating power. From further comparative trials with seed collected from 
our own plants, it seems safe to state that the imported seed was of very 
poor quality. 

The seed was sown in May, 1932, and the seedlings transplanted in 
September of the same year. Nine hundréd plants were transplanted in one 
of the experimental fields of the department of Agronomy of the University 
of Illinois under the supervision and care of Dr. C. Alexopoulos of the 
Department of Botany (present address Kent State University, Kent, Ohio). 
This was a test to determine the growth under field crop conditions. The 
plot was half an acre of brown silt loam located in the south campus and 
adjoining the agronomy soil bins. Of these nine hundred plants, 855 sur- 
vived the transplanting operations. No particular care was given the plants 
during the next three years; according to the report of Dr. Alexopoulos, at 
the time of the harvest the weeds were two feet high, and on the whole, 
there was very little cultivation, so that they were grown under the worst 
possible conditions. 

The second group of plants, one hundred in number, was transplanted 
in a plot 30 x 25 ft., at the back of the author’s home, 5558 Ardmore Avenue, 
Chicago. The field was an empty lot with clay loam over compact light clay 
subsoil. It had never been cultivated. It was divided into five sections and 
the plants distributed as follows: 


TABLE I—DISTRIBUTION AND TREATMENT OF PLANTS 









































Plot Number of Plants surviving, in Spri 
Number | Plants Spring, 1933 Treatment in Spring, 1993 
1 | 20 18 None—Control 
2 | 20 18 |Complete fertilizer. 4/N—12/P20s—4/K20 
3 | 21 | 21 |Complete fertilizer plus Uranium Nitrate 
4 19 | i8 |Uranium Nitrate alone 
5 20 | 19 |Barnyard manure 
—_ a } —EE 
Plot 


2. Fertilizer at the rate of 20 g. per plant, also 0.5 g. MnSO, per plant. 

Plot 3. — at the rate of 20 g. per plant; uranium nitrate, 0.1 g. per 
plant. 

Plot 4. Uranium nitrate, 2 g. per plant. 

Plot 5. Manure, 400 g. per plant. 

The rows were 15 inches apart and the plants spaced at intervals of 8 inches. 


In these experiments, no attempt was made to study each plant as a 
unit, but rather each plot was considered as a unit. Inasmuch as the plots 
were not separated by concrete, this way of regarding them must be taken 
with some reservation, although the results were quite constant. For the 
control, that is, plants which were not treated with any fertilizers, etc., the 
plot selected was at a higher level than the others at the extreme end of 
the section. Otherwise, the plots were divided by a small ditch of 8 inches 
depth, and one foot wide, with drainage. Table I shows the distribution of 
plants and the treatment of each plot. 

The treating of the plants with fertilizers, uranium salt and manure, 
was done during the middle of May, 1933. A similar treatment was given 
in May, 1934, and after that, no further treatment. In each case, the ma- 
terial was placed in a small circular furrow around the plant and six inches 
from the roots, then covered with soil. 








. i. oe ee ee el 


- 
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The first harvesting in 1933 was very small, both in the Urbana and 
Chicago plots. This is usually the procedure. The flowers in the field crop 
were collected at half-closed stage, those at Chicago at the fully opened 
stage. As the amounts from the different experimental plots were too small 
(i. e., 5.8 to 6.7 g.) for a detailed chemical determination of pyrethrins, 
they were mixed to form one sample after being dried and weighed. 


TABLE II—HARVEST oF 1933 



















































































Average 
Number | Number | Fresh Air-dry Los — 
Plot of of weight weight per cent oO Remarks 
plants flowers g. g. flowers 
&. 
Field crop, Urbana. -.....- 855 350 1,050 304 71 0.086 
closed 
showing 
petals 
Ticiiccsniiemanecant tide cnahaatitn anil 18 lat TEE et 5.8 76.5 0.119 |Fully open 
IA A SAP _§ Sete 6.0 76.4 0.115 |Fully open 
Ra SSS 21 ie ee ES 6.1 77.0 0.122 |Fully open 
a To Tit 19 A RRS 5.9 | 78.2 0.116 |Fully open 
Teisiiiseindneneniicasanind 20 1 Levecmnns 5.8 | 74.9 | 0.114 |Fully open 
TABLE III—HAarvestT oF 1934 
Average 
Number Fresh Air-dry Loss — Yield 
Plot of weight weight per cent o per plant 
plants g. g. flowers g. 
g. 
Didiasicecdbatin sues 18 | 897 228 74.6 0.141 12.1 
Bciccemainiimpicgenaiied 20 | (86 242 75.2 0.151 | 12.1 
—_ aE 21 | (1,040 298 76.4 | 0.158 | 14.1 
ivesapiiiniesnith cnoaeneia 19 =| toot | as %.3 | 0.100 | 13.0 
SRS OE 20 | 796 | 201 74.8 | 0.140 | 10.05 














The harvesting in 1934 was done between June 14th and 16th,and June 
21st and 27th, while a third small collection was made on July 8th. The 
flowers were weighed after each collection and placed on racks and allowed 
to dry indoors. They were weighed again when dried, and then placed in 
bottles and placed on a shelf where they were kept until analyzed. The 
field crop of 1934 was not collected, but allowed to form seed. 

The harvesting in 1935 both in the experimental and field plots was 
done between June 15th and July 10th. The flowers from the field crop, 
after drying, were placed in a large carton where they were kept until they 
were analyzed. Tables II, III, IV and V show the results of the collections 
of the three years. 
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TABLE IV—HARVEST OF 1935 


























Average 
Number | Fresh | Air-dry Loss — Average | Yield 
Plot of weight weight per cent ° flowers | per plant 
plants g- g. flowers | per plant g. 
g. 
RSE ee See 18 2,140 479 77.6 0.148 132 26.5 
a en eee 20 2,224 489 78.1 0.160 152 27.2 
Bsc edn codebase 21 3,005 698 78.6 0.165 182 32.2 
ES ee PUI Ra 19 1,940 450 76.8 0.163 145 25.0 
Wis cistriscietuthnsematisenmaian tee 20 1,575 360 77.2 0.147 122 19.0 
Field crop, Urbana, Illinois_- 855 Not ty ee cee WCU Ianeccscckau 14.5 
weihed 
res 
































* Weight per flower determined by taking the mean of the weights of five lots 
picked at random. Each lot consisted of 100 flowers. The flowers consisted of 
about 75% fully opened and 25% partially opened flowers. The fully opened 
flowers averaged 20.8 g. per 100, or 0.208 g. per flower. The extra large flowers 
of this lot were as high as 0.270 g. per flower, and averaged 0.241 g. per flower. 
The partially opened averaged 13.1 g. per 100 flowers, or 0.131 g. per flower. 


TABLE V—COMPARISON 
































Weight of flowers per plant Average weight of flowers 

Biet 1933 1934 1935 1933 1934 1935 
Ist y' 2nd year 3rd year Ist y 2nd year 3rd year 

g- g. &. &. g. ee 
ge a eee ee 0.32 12.1 26.5 0.119 0.147 0.148 
Se ee eee ee, EY 0.30 12.1 27.2 0.115 0.151 0.160 
EE RP Perr, eat 0.29 14.1 30.2 0.122 0.153 0.165 
Se aintnniehsetdsuamenedbe 0.31 13.0 25.0 0.116 0.160 0.163 
V sgtininisteaboanmunmbiniel 0.29 10.5 19.0 0.114 0.140 0.161 
ave Sis See 14.5 BE: | lccseumgvaeyy +e 

(closed) 























The results as summarized in Table V indicate: 


A. 


2. 


The already, known facts that the plants give almost no flowers dur- 
ing the first year, and begin to yield a good harvest the second year. 
That the yield per plant is not materially increased by the appli- 
cation of fertilizer, but that there is a definite increase in the 
plants which received small amounts of uranium salts in addition 
to the fertilizer. 

The increased yield is due to the more vigorous growth of the 
plants receiving stimulation. There was more evidence of luxuriant 
growth in the plants of Plot III, which received fertilizer and 
uranium salts. 

The weight per flower is maximum in the field crop, which received 
very little care or cultivation. This, however, gave also fewer 
flowers per plant. . 








el 
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The poorest yield per plant occurred in Plot V which received manure. 
lt must be noted, however, that this plot was at a lower level, and received 
more water during rains due to imperfect drainage. This is in accord 
with all previous observations that pyrethrum does not thrive in very 
humid soil. 

The most exhaustive recent work on the effect of environmental condi- 
tions is the work of Tattersfield and his co-workers, published in 1931- 
1934. Their results, so far as the weight of flowers per plant is concerned, 
point out that rich or fertilized soil does not particularly affect the yield 
of flowers. The same results also are indicated in their experimental growth 
of pyrethrum in Colorado by Gnadinger, Evans and Corl.‘ Rippert® on the 
other hand, claims that fertilizers increase the yield of flowers per acre in 
good years, while they maintain a satisfactory yield in poor years. High 
nitrogenous fertilizers are not recommended, either by Rippert or by Drain.’ 

It must be noted here that a part of our program was to try the effect 
of a number of organic plant catalysts, and a beginning was made with a 
few potted plants in 1935, but the plan was temporarily abandoned; recently 
we have resumed these experiments. 


The Pyrethrin Content of the Flowers 


At the outset of this work, the method of estimating the activity of 
the flowers was considered. The insecticidal activity of pyrethrum was 
proved by the work of Staudinger and Ruzicka’ to be due to two com- 
pounds, called Pyrethrin I and Pyrethrin II. These are esters of a keto- 
alcohol-derivative of cyclopentane and two acids named chrysanthemum 
mono-carboxylic and dicarboxylic acids. Both are cyclopropane-carboxylic 
acids. Their structure is represented by the following formulae: 





E H 
BCH . HCH 
t 
HC ——— CHCH, CH = C= CHCH, HC==——= CHCH, CH = C= CHCH, 
c=0 c=0 
a <+——— Pyrethrolone ———_» vA 
He C= CH Ha c CH 
r 
c=0 Chrysanthemun c=0 
| @— Mono i—> | 
CH Carboxylic CH CH 
acids t 
ao cuca = © (ch do C0 CHCH = C — COOCH, 
CHs CHs 
Pyrethrin I. Pyrethrin II. 


3’ F. TATTERSFIELD; Pyrethrum Flowers and Their Development, Ann. Applied 
Biol. Vol. 18, pp. 602- 35 (1931). F. TATTERSFIELD and J. P. MarTIN: The Effect 
of Environmental conditions upon pyrethrum, ibid., Vol. 21, 670-90. 
* GNADINGER, Evans and CorL; Pyrethrum flowers, 2nd editions; C. B. Gnad- 
inger: pp. 280-302. 
5 RIPPeRT; J., Finn. fals. Vol. 25, 395-409 (1932). 
ams B. D.; Pyrethrum in Tennessee, Tenn. Agr. Exp. Sta.; Corl 59, 1-4 
). 
am H., and Ruzicka, L.; Helv. Chim. Acta; Vol. 7, pp. 177-259 
). 
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Most of the methods of estimation of Pyrethrin I and II that have 

appeared in the literature may be classified as follows: 

1. Methods based upon the semicarbazone derivatives of the carbonyl 
group of the pyrethrins. The methods of Staudinger and Harder* 
and Tattersfield, Hobson and Gimingham are based on this principle. 

2. Methods based upon the hydrolysis of pyrethrins and separation of 
the carboxylic acids which are then estimated by titration. The 
methods of Staudinger and Harder, Tattersfield and Martin’, Seil™ 
and Rippert™ are based upon this principle. 

3. Methods based upon the reducing properties of the keto-alcohol 
pyrethrolone. The methods of Gnadinger and Corl”, Martin and 
Tattersfield* are based upon this principle. 


TABLE VI—DETERMINATION OF PYRETHRINS ON THE SAME SAMPLE OF PYRETHRUM 
By Various METHODS 


















































| . . P 
Sample No. 10 ere eT Oe Cor f = Wilcoxon poe — 
-” 1 | 1 | Total | Total 1 | w | Total I fb) 
0.631 | 0.540| 1.221| 0.885 | 0.595 | 0.614| 1.209 0.620| 9.51 
0.620 | 0.540| 1.110| 0.800 | 0.588 | 0.620| 1.208 0.620| 9.51 
ary ar re) Yee Cae? SS OT EER 9.51 
$ 0.614| 0.804| 1.208| 0.870 |........].......2[ 2). 9.51 
0.625 | 0.580 | 1.205| 0.800 |........|........|.-.....- eke rts: 9.51 
0.627 | 0.584) 1.211} 0.880 |... | somagiealitie lie sc akhauiatl 9.51 
ey Ss rs ae ee RE ET AE 9.51 
Mean.......-- 0.016 | 0.615 | 1.191 | 0.882 | 0.501 | 0.617 | 1.208 0.60 |............ 





























(a) Harvest of 1935. Field crop from Urbana, Ill. Age of sample when 
analyzed 23 months. 
b) Values of Pyrethrins are on air-dried material. 


4. Methods which are based upon a characteristic reaction of each of 
the pyrethrins which permit their independent determination. 
Haller and Acree“ determine pyrethrin II from the amount of 
methyl iodide produced when treated with hydriodic acid. Wil- 
coxon™ determines pyrethrin I by its reducing action on mercuric 
ion (Denige’s reagent). The mercurous chloride produced is then 
determined by titration with standard iodate solution. 

At the beginning of our work the Gnadinger-Corl Method alone was 
used. Later, the Seil method was tried on the samples in addition to the 
above-mentioned method. However, the results of the two seldom checked. 
Seil’s method gave consistently 30-35 per cent higher total pyrethrins than 
the Gnadinger-Corl procedure. Consequently publication was withheld to per- 
mit a re-examination of all the available samples by both methods side by side. 

In addition, the Rippert method and also the Wilcoxon, were tried 
on one sample which had been exhaustively checked by the two others. 
Table VI shows a comparison of the various methods. 


8 STAUDINGER, H. and Harper, H.; Estimation of the Pyrethrin Content of 
Insect Powder, Ann. Acad, Fennicae, A29, No. 18, pp. 1-14 (1927). 

* TATTERSFIELD and co-workers, Journal Agr. Sci. Vol. 19, 266-96 and 433-37 
(1929) ; ibid., Vol. 21, pp. 115-35 (1931). 

” SeIL, H. A., Soap 10, No. 5, Vol. 89 (1934). 

11 RIPPERT, J. Ann. fals., Vol. 29, pp. 344-54 (1936). 

12 GNADINGER, C. B., and CorRL, C. S., Jour. Am. Chem. Soc. yes Pte pp. 3054-64 
(1929); also Gnadinger, C. B., es Flowers, pp. 52-64 (1 

33 MARTIN and TATTERSFIELD, F. J., Jour. Agr. Sci., Vol. 21, 4 9) 45- 35 (1931). 

™ HALLER, H. L. and ACREE, F., Indust. Eng. Chem., Ansl. Ed. I; 343 (1935). 

% WILCOXON, F., Contribution of Boyce Thompson Institute, Vol. 8, No. 3, 
pp. 175-81 (1936). 
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The Gnadinger method is simple, but in order to obtain consistent 
results, it is necessary to observe all the precautions outlined in the method. 
The Seil method was slightly modified in that in the steam distillation to 
remove the monocarboxylic acid, 350 cc. of distillate was collected instead 
of 250 cc. in order to insure the removal of all the monocarboxylic acid. 
Therefore the solution containing the dicarboxylic acid had to be evaporated. 
This was done after rendering the solution alkaline with sodium 
bicarbonate. 

Rippert’s claim that on aging the pyrethrins are rendered insoluble 
and therefore have to be extracted by chloroform instead of petroleum 
ether, were not substantiated in this work. The total pyrethrins with 
either Seil’s or Rippert’s method (in the latter, chloroform was used) 
are substantially the same, (Table VI.) When, however, the chloroform 
extraction was applied to the Gnadinger-Corl method the total pyrethrins 
for sample No. 10 rose from 0.880 per cent to 1.35 per cent, which indi- 
cates that chloroform extracts other copper-reducing substances. 

All extractions were carried through with the type of Soxhlet apparatus 
made by Rascher and Betzold of Chicago, in which corks are not used, 
but mercury seals. The petroleum ether was of reagent quality, b.p. 
range 20 — 40°C. 

The data in Table VI show that there is a constant deviation between 
the copper reduction method and the Seil hydrolysis and subsequent separa- 
tion of acids. The Gnadinger-Corl method assumes that the rate of reduction 
by pure pyrethrins at 78°C. is the same as by pyrethrins in presence of 
other substances which are extracted by petroleum ether, and not precipi- 
tated by barium ion. 

The deviation between the Gnadinger-Corl and Seil methods becomes 
as high as 40-50 per cent when closed buds are examined. However, the 
results by both indicate that the pyrethrins are not fully formed in the 
closed flowers. The Seil method for Pyrethrin I is considered accurate, as- 
suming, of course, that all the monocarboxylic acid comes over with 
steam. As shown in Table VI, the results of Pyrethrin I by Seil’s method 
check well with the results obtained by Wilcoxon’s method. Further, a 
sample of Japanese pyrethrum purchased from an importer”, and according 
to its label containing 0.43 per cent pyrethrin I, was checked by both Seil’s 
and Wilcoxon's methods, the results checking within 4 parts per hundred. 

The Seil method for pyrethrin II is open to an error that tends to 
give high results. Seil directs that, after the residue from steam dis- 
tillation is filtered, rendered slightly alkaline, extracted with chloroform, 
it should be acidified strongly with hydrochloric acid and extracted with 
ether (total volume 150 cc. in four portions). The amount of acid is not 
stated. The ether is washed with two 10-cc portions of water, and after 
removal of ether by distillation the flask is placed in the oven at 100°C. 
for 10 minutes. The above procedure may well leave some hydrochloric 
acid in the flask. Both hydrochloric acid and water are soluble in ether. 
It is assumed that the two washings in water and ten minutes heating 
when ether has been evaporated will remove all the hydrochloric acid, but 
it would be better to carry a blank. Ten cc of concentrated hydrochloric 
acid in 30 cc of water extracted with ether and then washed with two 
10-cec portions of water left sufficient residual acidity in the separated ether 
to require 2.5 ce of 0.02 N sodium hydroxide which in results of the 
magnitude of our analyses would correspond to an error of 15 to 20 per cent. 
This of course does not indicate that errors of this magnitude creep in, but 
merely that the method is not entirely satisfactory. 


% John Powell and Company, 114 E. 32nd St., N. Y. City, Japanese pyrethrum 
flowers, Lot 959. 
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The results of the determination of pyrethrins in the flowers from the 
harvest of 1933 are given in Table VII. 


TABLE VII—DETERMINATION OF PYRETHRINS IN FLOWERS FROM CroP oF 1933 























rove | — cave 
ge when il’s Met i -| Moi 
Flowers Treatment enely=s = oer oune 
months 
I nm | Tota | “Od 
Field crop, Urbana, None 9° —.-------|--------|-------- 0.62 8.55 
closed flowers 

ces endwign veal 40 0.409 | 0.569 | 0.978 0.58 8.55 

Tian ee eee 40 0.393 | 0.535 | 0.928 0.55 8.55 
Plots 1-5 mixed flowers 4 plots O” * Th cepted daeenhiel tle! 0.82 8.84 
fully open fertilized a 

month before 

harvest 





























* Extracted with Petroleum Ether for five hours. 
Values of Pyrethrin content are given on air-dried material. 


The pyrethrin content of the closed flowers varies to the extent of 


about 40 per cent, according to the two methods. The flowers from the 
experimental plots were sufficient for one determination, and this was 
made before we tried the Seil method. The results, however, in agree- 
ment with the findings of a number of investigators, show the pyrethrin 


content of the flowers to increase as they mature. 
Table VIII shows the pyrethrin content of flowers from the 1934 


harvest. 


TABLE VIII—DETERMINATION OF PYRETHRINS IN FLOWERS FrRoM Crop oFr 1934 


























Pyrethrins 
——- Seil’s Method Gnadinger-| yfoisture 
Flowers Treatment (months) Motked per cent 
I II Total 
Re Bon, eS None 10 0.75 0.550 | 1.30 1.21 8.85 
30 1.05 
ED Tan ac whebeneciabomes Complete ie SR BD ee 1.01 8.50 
fertilizer 
| SR * , Complete ES! ey: 1,22 8.85 
fertilizer 30 0.781 | 0.580 | 1.371 BAe Liteaalebese 
and uranium 30 > Fo” Jen | ee ea 
salt 
RE isch pentdensedebon Uranium salt BO Rdbiscelitaneteeseied 1.20 9.08 
DV siiciniin nncducnpalial Manure Ot aca he 0.96 8.30 





























Values of Pyrethrin content are given on air-dried material. 


It is to be noted that there is no difference in the pyrethrin content 





of Plot I which received no treatment, and Plot III which received fer- 
tilizer and small amounts of uranium salts, resulting in a higher yield 
of flowers for this plot. The results are similar and more complete in 
the data for the harvest of 1935 given in Table IX. 
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TABLE IX—DETERMINATION OF PYRETHRINS IN FLOWERS FROM CRoP oF 1935 





















































A h Pat bay we Gnad 
ge when il’s Met nadinger- : 
Flowers Treatment | analyzed Corl og 
(months) Method 
I II Total 
Field crop, Urbana, Ill... None (a) 12 0.605 | 0.585 | 1.190 0.890 9.51 
(b) 21 0.616 | 0.575 | 1.190 A Penn 
12 0.548 | 0.546 | 1.09 1.06 8.80 
13 0.540 | 0.530 | 1.07 | ee aT ae 
12 0.96 8.65 
13 ae ee ae 
12 0.702 | 0.630 1.32 1.21 8.65 
13 0.685 | 0.610 1.29 lt SET A 
12 0.648 | 0.541 1.18 0.93 8.70 
13 0.655 | 0.490 1.14 See -. Rnamissdeene 
12 0.522 | 0.490 | 1.01 0.91 8.85 
13 0.550 | 0.501 1.06 0.94 |------------ 

















(a) Average of 4 analyses. 
(b) Average of 7 aralyses. 
Values of Pyrethrin content are given on air-dried material. 


It is to be noted that there is a very constant deviation between the 
two methods of analysis, but either method gives results which indicate 
that the pyrethrin content is not appreciably changed, either by stimula- 
tion with fertilizers or photochemical catalysts, such as uranium. A sum- 
mary of the analysis and yield per plant of all crops is given in Table X. 


TABLE X—SUMMARY OF PYRETHRIN CONTENT FOR ALL SAMPLES CALCULATED ON 
MoIsTuRE FREE BAsISs 
























































Pyrethrin content—moisture free basis 
Average : 1933 
—_ — Total pyrethrin 1904 is0s 
Flowers a olat 
flowers 3 year 2 
2 year ‘g. G-C (a) 8 G-C | (a)S |G-C (a) 8 
g. | 
Per Per Per Per Per Per 
cent cent cent cent cent | cent 
Field crop, Urbana, Illinois... 0.188 14.5 (* 2) | See een 0.978 1.31 
(b) (b) 
WN Mirahigknnsiidgdeidembalediimaicien 0.147 19.3 = Le ceeaibiaadl 1.23 1.42 1.14 1.18 
c 
DOE Mncisctccsdbudbaasabaee: 0.155 BOE Vist wikssatthindebieidia Bia sitittadel "fy See 
ne ee 0.159 SEE Ta iKiregueidtaintreinds 1.24 1.45 1.29 1.43 
hg ELAS. 0.161} 19.25 |........ eee | | ae | 1.08 | 1.27 
SAPD Re ART 0.150 | 14.25 | ae | PRES 1.04 | eve | Lo | 1.13 











(a) G-C designates the results by the method of Gnadinger and Corl, and S$ 
the method of Seil. 

(b) These results are on the basis of one year. ’ 

(c) This analysis represents all the harvest of the five plots mixed: The 
amount collected from each was too small to permit analysis. 
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According to these results stimulation with fertilizer and photochemical 
catalysts increases the yield per plant, but the pyrethrin content is not ap- 
preciably changed. The maximum pyrethrin content of the flowers from 
Plot III is not appreciably different from the flowers of Plot I which was 
not treated. This would indicate that the production of pyrethrins depends 
on genetic factors, which has been pointed out by Tattersfield. The content 
of pyrethrins is not diminished in the plants which by stimulation produced 
more flowers. 

The effect of other plant stimulants is being further investigated. 


SUMMARY 


1. The growth of pyrethrum as a field crop in northern Illinois was in- - 
vestigated for three successive years. According to Dr. Alexopoulos 
under whose care the field crop at Urbana was grown, pyrethrum can 
‘be grown successfully in Illinois with no more care than is needed 
by the ordinary field crop. 

The growth of pyrethrum in experimental plots at Chicago was in- 
vestigated for three successive years. 

3. Fertilizers do not seem to change appreciably either the yield per plant 
or the content of pyrethrin. Photochemical catalysts such as uranium 
salts increase the yield per plant, but not the pyrethrin content. 

4. The various methods for the determination of pyrethrins were ex- 
amined. 


tb 
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An Albino Rat Demonstration of Mineral and 
Vitamin Deficiencies in a Common 
Human Diet 
W. P. Elmslie and W. R. Bunting 


Moorman Manufacturing Company, Quincy, Illinois 


This demonstration with albino rates was designed to show the failure 
of a common, poorly selected diet of human foods to produce proper growth 
and well-being in young growing animals; but that supplemented with milk 
and green vegetables as sources of the essential minerals and vitamins, it 
resulted in very much improved growth and condition. 

Demonstration—Four rats of albino and mixed ancestry from the same 
litter and of very nearly the same weight were separated into two lots, a 


LOT-2 AASAL RATION 
BeUS MILK AND GREEN. VEGETABLES 





male and female in each lot, and started on the demonstration rations at 
the age of 26 days. 

Lot 1 received a basal ration composed of a mixture of the following 
human foods: lean meat 20%, peeled boiled potatoes 20%, white bread 
(made without milk) 20%, canned corn 15%, sugar 15%, corn starch 9%, 
and salt 1%. 

Lot 2 received a ration consisting of 75% of the basal, 22% of dried 
skim milk and 3% of butter. Green vegetables, such as lettuce, spinach 
or carrot tops, were fed three times a week. 
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In order to simplify the feeding and insure uniform and reproduceable 
results the meat, potatoes, bread and canned corn, were dried before being 
weighed out and incorporated in the rations. 

The cages used for the demonstration consisted of common glass battery 
jars with half-inch mesh screen for floors and covers. 

Results—The results in growth are shown in Chart 1. In the seven 
weeks on the demonstration ration, Lot 1 gained an average of 12 grams, 
whereas in the same period Lot 2 gained an average of 110 grams. The 
lack of minerals in the basal ration is shown by the poor skeletal develop- 
ment and squatty posture. In previous demonstrations with these rations, 
which were carried on for longer periods of time, a failure of reproduction, 
an ophthalmia due to a lack of vitamin A, and defective nervous control have 
been observed. A lack of color in the eyes indicative of anemia is common. 
On the other hand, the rats in Lot 2 show normal growth exceeding Donald- 
son’s standards for rats, excellent bone development, normal reproduction 
and good physical condition. 

The deficiency in the basal ration is multiple in nature, both minerals 
and vitamins being involved. The protein content of the basal ration, 
15.7 per cent is adequate for normal growth, and the additional protein 
supplied by the dried skim milk could be responsible for only a small part 
of the benefits produced. Both rations were fed ad libitum; therefore there 
could have been no lack of carbohydrates to supply energy. Apparently the 
principal deficiency is that of minerals, since in previous demonstrations 
of this nature the addition to the ration of green vegetables and butterfat 
failed to overcome more than a small part of the deficiencies. 

Conclusions—This demonstration, because of its simplicity, the ease with 
which it can be reproduced, the very marked and conclusive differences 
between lots and the practical nature of the diets used, teaches a lesson 
in nutrition easily comprehended by children and adults alike, and offers 
a chance for community service by the chemistry teacher or industrial 
chemist. 
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Synthetic Cryolite* 


G. C. Finger and Frank H. Reed 
State Geological Survey, Urbana, Illinois 


The mineral cryolite, chemically called sodium aluminum fluoride 
(AIF:.3NaF), is found in commercial quantities only at Ivigtut, on the south- 
west coast of Greenland. In 1865, mining operations began in the form of a 
75-year concession from the Danish government to two distributing com- 
panies, namely the Pennsylvania Salt Company of Philadelphia which has 
the exclusive selling rights in North America, and the Oresund Company of 
Copenhagen with selling rights for the rest of the world. This monopoly is 
of serious concern to the countries possessing a domestic aluminum industry 
during economic and political crises. For example, several years ago as a 
result of an advancement in the price of cryolite, graphite electrodes, and 
power, the Japanese Electrochemical A-G was forced to operate at a loss. 
The factors of a price monopoly, the widely distributed sources of fluorine 
such as fluorspar and fluorapatite, and the trend towards economic inde- 
pendence obviously led to the search for a synthetic product. 

To obtain a clearer picture of the entire situation, a brief analysis of 
the distribution and uses of natural cryolite will be discussed. Gibbs’ in his 
article, “Cryolite as a Chemical Raw Material,” gave an excellent review of 
this topic. During 1925-1934,? the annual production of cryolite varied from 
10,000 to 35,000 tons with approximately one-third of it going to the Penn- 
sylvania Salt Company. 

The chief outlet for cryolite is in the electrolytic reduction of alum- 
inum of which Germany, United States, France, Canada, Norway, U. S. S. R., 
Italy and Great Britain produce approximately 90 per cent of the world 
supply. The entire world production of aluminum for 1934 was 170,000 
metric tons.* In the production of aluminum, cryolite is used as a solvent 
for alumina; the molten bath contains only about two to five per cent of 
alumina.‘ In other metallurgical processes, also, cryolite finds use as a flux. 
The ceramic industry is a large user particularly in the manufacture of 
enamels, glass, and glazes. In the case of enamels, it has a double value, 
namely, as a flux and as a secondary opacifying agent. Here the quantity 
of cryolite used varies from four to sixteen per cent. The glass industry 
uses it chiefly as an opacifying agent although its fluxing action is im- 
portant also. The degree of opacity is determined by the amount of cryolite 
and period of heating. With glazes, cryolite is essentially a solvent although 
it also is an opacifier. It is used also as a binder for abrasive materials, 
and as a promoter of particular types of crystal growth in ceramic bodies. 

A very recent development in the utilization of cryolite is in the in- 
secticide industry. It has been known for a long time that cryolite dust 
was effective in destroying the potato bug. More recently it has been found 
to be an effective stomach poison for chewing insects. In order to be effec- 
tive, the particle size must be five microns or less (approximately 1/5000 
inch). Not until fairly recently was it possible to grind natural cryolite to 
this fineness. 








* Published by permission of the Chief, Illinois State Geological Survey. 
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The appearance of synthetic cryolite on the market is not surprising, 
because of the importance of the mineral in our industrial age. The fact 
that the natural material is also under the control of a monopoly enhanced 
the entreé of the synthetic product. The sources of fluorine for the manu- 
facture of this product are widely distributed and readily available to the 
major aluminum producing nations. Fluorapatite (CaFCa:(PO.):) occur- 
ring in immense deposits and fluorspar in more localized areas are the two 
main mineral sources of fluorine. In the case of fluorapatite, if it is used 
in the manufacture of superphosphate fertilizer, the fluorine is evolved as 
silicon tetrafluoride and is almost a valueless by-product. Fluoroapatite 
contains about 3.7 per cent fluorine.’ Reynolds and Jacobs state that in a 
normal year 20,000 tons of fluorine can be obtained as a by-product from 
superphosphate manufacture in the United States. This amount of fluorine 
is equivalent to more cryolite than has ever been mined at Ivigtut in a 
single year, and more than three times the annual requirement for the United 
States. 

The other fluorine mineral, fluorspar, is the chief source the world over 
of hydrofluoric acid and its derivatives. The industrial technology of hydro- 
fluoric acid is very well understood and can be obtained in unlimited quan- 
tities. The price of fluorspar is from one-fourth to one-half of that of the 
natural cryolite. In short, these fluorine-containing minerals are the answer 
to the national economic independence of this valuable industrial product. 

Berzelius® in 1824 probably prepared the first synthetic cryolite in the 
laboratory by the reaction of a NaHF:, solution with Al(OH). 


3NaHF: + Al(OH); — AIF;3NaF + 3H.0 


However, the initial commercial production of synthetic cryolite is obscure 
but it appears that Germany and France were the first in the field and their 
product has been on the American market for some time. France’ is capable 
of supplying its own domestic needs. Italy® is importing synthetic cryolite 
and projecting plants’ of her own. Japan” is already producing about one- 
half of its cryolite needs. Russia” projected a production of 25,000 metric 
tons annually beginning with 1936. The Aluminum Company of America 
and the Grasselli Chemical Company hold the American patents. Statistics 
are not available for the United States although it is known that a domestic 
synthetic product is available for insecticidal purposes. The Aluminum Com- 
pany” has a plant for the production of “its own cryolite using fluorspar” 
at East St. Louis, Illinois. 

Industrially, synthetic cryolite is prepared by two methods depending 
upon the available raw material. Briefly, they may be called (1) the 
silicofluoride method, and (2) the hydrofluoric acid method. The silicofluoride 
method is essentially the reaction of a silicofluoride with alumina in the 
presence of an additional sodium salt. The silica is removed by appropriate 
means, and the process can be represented as follows: 


2Na.SiF. + Al.0;.xH:0 + Na:CO; — ALF..6NaF + Co, + SiO: 


The hydrofluoric acid method involves the treatment of alumina or an alum- 
inum salt in the presence of sodium ions with hydrofluoric acid: 


Al*** + 3Na* + 6HF — AIF:.3NaF + 6H* 
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the hydrofluoric acid having been obtained from fluorspar or silicon tetra- 
fluoride as follows: 


CaF: + H:SO, —~ CaSO, + 2HF 
2SiF, + 2H:0 — 2HF + H.SiF. + SiO: 


Japan appears to be the only country using the silicofluoride by-product of 
the phosphate industry, whereas the other countries most likely use fluorspar. 

The future for synthetic cryolite is very promising. The raw materials 
are readily available, it is being successfully manufactured, it is competing 
with the natural product on the open market, and a great deal of industrial 
research is in progress to lower its cost still more. 
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Properties of Heated Coal* 


Paul E. Grotts 
Illinois State Geological Survey, Urbana, Illinois 


The outstanding properties of heated coal are those associated with 
(1) the destructive distillation of coal, that is, the behavior of coal at 
elevated temperatures in an inert atmosphere, and (2) the combustion 
of coal. 

During the destructive distillation the physical condition of a com- 
pressed sample of powdered bituminous coking coal passes through charac- 
teristic softening, expanding, plastic and agglutinating stages. The tempera- 
ture at which these changes or conditions exist are related with each other 
and with the carbonizing behavior of coal. 

Proceeding from ordinary atmospheric temperature toward high tem- 
peratures, a point is reached near 350° C. at which the coal starts to soften 
due to melting of constituents in the coal. The softening occurs throughout 
a brief range in temperature and in the case of the compressed sample of 
powdered coal the mass starts to contract or deform under an applied stress. 
With continued rise in temperature the softening continues and is accom- 
panied by relatively rapid contraction or deformation. During the softening 
of the coal the particles fuse and stick together, and the mass becomes 
plastic. The rapid contraction of the test specimen is terminated at the 
active decomposition temperature at which the evolution of gas in the 
softened, fused coal causes swelling or frothing. 

With continued rise in temperature the expanding plastic coal reaches 
the solidification point at which sufficient carbon has been deposited in the 
agglomerating band to cement the particles of heated coal together. Expan- 
sion ceases and the plasticity of the coal disappears. After passing the 
solidification point the specimen retains its firm porous structure, but due 
to continued devolatilization it contracts or shrinks slightly. 

The physical changes of the heated coal are interrelated with the 
decomposition of the coal substance, inasmuch as the plastic properties and 
solidification of the plastic coal are dependent in certain aspects on the 
decomposition which yields volatile gases, and a carbon residue. Thus the 
physical changes which occur in the coal are illuminated by a consideration 
of the destructive distillation of coal, the products obtained, and the 
governing influences. 

The organic constituents of coal decompose and distil at elevated tem- 
peratures yielding gaseous liquid and solid products. The final volatile 
products obtained are not present as such in the coal and the composition 
and volume of the gas are governed by the constitution of the coal and by 
the time, temperature, pressure and cracking conditions of the distillation. 

When the coal is heated to coking temperatures the first gases appear 
before the softening point is reached. These gases, water vapor and carbon 
dioxide, result in minor amounts from the mild oxidation of the coal due 
to the presence of inherent or absorbed oxygen. Traces of volatile hydro- 
carbons and other occluded gases are evolved also. 


* Published by permission of the Chief, Illinois State Geological Survey. 
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At the softening point, decomposition of the coal becomes marked as 
shown by the loss in weight of the coal, and subsequently a large proportion 
of the volatile matter is driven off before the solidification point is reached. 
As the temperature continues to rise, further devolatilization is accom- 
plished and at 900°c the solid residue contains only a small proportion of 
volatile matter which is chiefly hydrogen. 

Due to the complexity of the chemical constitution of a coal and as a 
variety of compounds and reactions are involved, there is no apparent 
temperature at which the evolution of volatile matter begins sharply and 
proceeds rapidly as would be the case in the distillation of a pure chemical 
compound. However, to determine whether a compound or class of com- 
pounds could be isolated which would exhibit definite physical characteristics 
such as boiling point, coals have been extracted with various organic and 
inorganic solvents. In the case of an Illinois coal extracted with phenol 
subsequent tests showed that the rates of evolution of volatile matter from 
the extract, residue and original coal were practically the same. In a 
similar experiment upon an eastern coal the extract decomposed more 
rapidly and at lower temperatures than did the residue or original coal. 
In both instances the extracts lost weight appreciably at temperatures 
slightly above 100° C. 

In addition to the evidence obtained in the solvent analysis of coal, in- 
cluding solvents other than phenol, the variation in rank influences the 
products of the destructive distillation. It is demonstrated by the available 
data that the amounts of carbon monoxide and carbon dioxide contained 
in thé gases from the distillation greatly increases in the younger coals and 
there is a corresponding decrease in the hydrogen and saturated hydro- 
carbons. The unsaturated hydrocarbons remain approximately the same in 
the series of coals studied. 

It is also characteristic of coal that the volatile products are subject 
to marked modification when exposed to the conditions which induce sec- 
ondary or cracking reactions in the superheated gases. Catalytic influences 
are also present. Thus, in any distillation the gases and distillate obtained 
are not exactly the same as the constituents originally evolved from the 
coal substance. If the distillation is carried out in vacuo or at low final 
temperatures the secondary decomposition reactions are minimized. 

The factors of temperature, time and pressure combined influence the 
cracking processes. Time is involved largely because the thermal conduc- 
tivities of coal and coke are low, hence large heat gradients are set up in 
the coal being carbonized. The heat effects involved in the volatilization 
and decomposition of the coal are additional causes for the difficulty in 
obtaining uniform distillation. In the outer zones of the charge of coal 
being carbonized the distillate and gases are exposed to cracking surfaces 
while in the plasti¢ zone the primary reactions are just beginning. 

When coal is heated in an oxidizing atmosphere the distillation pro- 
cesses are obscured and modified by the combustion of the products. In 
active efficient burning, coal apparently does not yield the volatile distilla- 
tion products, since they are burned as rapidly as they are formed. How- 
ever, coking does occur in the combustion. 

At moderate temperatures the lower rank coals absorb oxygen to the 
extent that weathering and spontaneous ignition are serious problems in the 
coal industry. In the case of Illinois coals the losses due to disintegration 
and to spontaneous ignition, arising from exposure to the atmosphere, are 
of greater importance than are the changes in weight and heating value. 
The temperature at which the spontaneous ignition occurs has been reported 
as 350°C or higher, depending on the condition and variety of the coal. 
In most cases the ultimate limit to the attainable combustion rate is set 
by the reactivity and thermal conductivity of the fuel in its coked form. 
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Fractional Distillation 


D. B. Keyes 
University of Illinois, Urbana, Illinois 


Fractional distillation of liquid mixtures has become an important 
chemical engineering unit operation, especially in the petroleum industry. 
It was thought wise, therefore, to develop an adequate description or 
explanation of this operation that could be easily understood, not only by 
students, but by technical men who were unfamiliar with the subject. A 
group of graduate students and the author discussed this question at con- 
siderable length and the following explanation is the result of these 
conferences. 

It is a well known fact that if we have two liquids, a and b mixed 
together, a being more volatile than b, and if these liquids are boiled in a 
simple still, as indicated in Figure 1, the vapors coming from the boiling 
liquid will contain a greater proportion of a than did the liquid. It is 
natural to suppose that if there is a series of redistillations, there would 
eventually be obtained practically pure a, but a considerable proportion of a 
would be left behind in the various liquid residues. Fractional distillation 
is a method invented many years ago in which these separate distillations 
and condensations are combined in one unit so that the final result is a 
more or less complete separation of a and b. 

A common type of fractionating column used for continuous fractional 
distillation of binary mixtures is indicated in Figure 2. This column is 
loosely filled with a solid material and affords a surface on which the 
liquid which passes down the column can come in contact with the vapors 
passing up the column. In an ideal apparatus, all heat extracted from the 
column is removed at the top, and all heat added enters at the bottom. No 
heat transfer is permitted through the sides of the column. The feed, at its 
boiling temperature, enters somewhere in the middle of the column at a 
point where the composition of the boiling liquid inside of the column is 
approximately the same as the composition of the feed. 

It can be stated that this apparatus is nothing more nor less than a 
counter-current scrubber or extractor in which there is a liquid, passing 
down the column, constantly growing richer in the less volatile component b, 
at the expense of the more volatile component a; while at the same time a 
vapor, passing up from the bottom of the column, is constantly increasing 
in its concentration of the more volatile component a at the expense of the 
less volatile component b. 

It should not be implied that this “scrubbing” action depends on 
solubility. The column is, strictly speaking, a condensing and distilling 
apparatus. The extraction by the liquid of the less volatile component Db 
from the vapor depends on condensation, and the removal by the vapor of 
the more volatile component a from the liquid depends on distillation. 

The result of this counter-current distillation and condensation is a 
product at the top of the column consisting of a vapor which is largely a, 
the more volatile component, while at the bottom of the column the liquid 
withdrawn is largely b, the less volatile component. 
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The efficiency of this process of separation depends, first of all, upon 
the intimacy of contact between the vapor and the liquid, and this, in turn, 
depends to a certain extent upon the ratio of liquid coming down to vapor 
going up. 

Of course there is a limit to this ratio, as it would be impractical to 
condense all of the vapors at the top of the column and return them as a 
condensate or reflux. The capacity of the column under these conditions 
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would be zero. In other words, there would be no product from the top of 
the column, and therefore no separation. 

The amount of condensate formed at the top of the column, or the 
proportion of the vapor which is condensed at that point, is determined by 
the degree of fractionation desired. This, in turn, affects the capacity of 
the column. 
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The height of the column determines, to a certain extent, the time of 
contact between the vapors and liquid, and this affects the efficiency of 
fractionation. Therefore, the greater the height, the more efficient the 
fractionation. Maintaining the same degree of fractionation and increasing 
the height of the column will increase capacity, because less reflux is 
required at the top of the column. 

The capacity of the column is also affected by its cross section or 
diameter, as this factor affects the time of contact between the vapor and 
the liquid. If a greater amount of product is desired, or a greater amount 
of feed required to be handled, naturally there should be greater cross- 
section within the column for this counter-current extraction. 

The modern fractionating column has a much more complicated interior 
construction than the one described in Figure 2. The filled column previ- 
ously described is not particularly efficient from the standpoint of furnishing 
adequate contact between liquid and vapors because there is a tendency for 
the liquid coming down the column to segregate near or on the walls, 
whereas the vapors going up the column have a tendency to pass up through 
the center, and therefore the two never meet. From a practical standpoint 
it is necessary to redistribute the liquid and vapor at various points in the 
column in order to obtain adequate contact. The modern fractionating 
column makes use of specially designed distributing plates, one above the 
other, whose function is to redistribute both the liquid and the vapor so 
that there is far more intimate contact between them. Such a column is 
indicated in Figure 3. 

It follows that a column of this type can produce a greater contact 
between vapor and liquid within a given space or height. Such a column 
will effect the same degree of separation, and at the same time will not 
have the height of the less efficient column previously described. 

The capacity of a column of given height can be increased by utilizing 
this medern design. The use of this more efficient design permits the return 
of less reflux condensate to the top of the column, while maintaining the 
same degree of separation. In other words, any modification of the column 
or its operation, giving a longer time of contact or a more intimate contact 
between the liquid going down and the vapor coming up, increases the effi- 
ciency of the column, but it is possible to increase the capacity and maintain 
the same efficiency under these new conditions by decreasing the amount of 
liquid condensed and returned to the top. ° 

The above discussion has been based on a binary mixture. The same 
reasoning can be applied to a mixture containing more than two com- 
ponents. The fractional distillation of a complex mixture presents some 
interesting factors not involved in binary mixtures. 

It is customary to take off at the top of the fractionating column, 
operating on a complex mixture, a “cut” composed of the more volatile 
constituents. If a simple distillation is made of the “cut,” the last few 
drops will come over at a certain definite temperature. This temperature 
is commonly called the “end point” of the “cut.” This specification does not 
indicate the degree of fractionation obtained in the specific column under 
the particular operating conditions. The “end point” shows that there is 
no higher boiling material present in this particular fraction, but it does 
not indicate how much of the more volatile material has been separated 
from the original mixture. Furthermore, if the material remaining after 
the “cut” has been taken off, were separately distilled, the initial boiling 
point might be considerably below the “end point” of the “cut.” 
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Any skilled operator can adjust a very inefficient fractionating column 
so that the “overhead cut” has a specified and definite “end point.” 

In order to determine the degree of fractionation that has been realized 
in a column handling a complex mixture, it is necessary to determine the 
boiling point of the remaining liquid after various definite fractions—for 
example, 10%, 20%, etc.—have been taken off in a simple distillation of 
the “cut,” or to determine the percentage that comes over in a simple 
distillation of the “cut” between various definite temperatures. 
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A New Method for Starting Thermite Reactions 


O. C. Klein and M. J. Copley 
University of Illinois, Urbana, Illinois 


Combustible mixtures are used frequently in lecture demonstrations in 
High School and Elementary College Chemistry. The ignition of such mix- 
tures often involves considerable danger to the operator. This is particularly 
true in the case of thermite reductions and such mixtures as potassium 
chlorate and sugar. 

The usual procedure for setting-off a thermite reaction is to place the 
ignition powder, consisting of an intimate mixture of powdered aluminum 
and barium peroxide, on top of the charge and to ignite by burning a strip 
of magnesium ribbon embedded in the ignition powder. At best, this method 
does not give the operator much time to retreat to a safe distance; how- 
ever, its most serious disadvantage lies in the fact that when the magnesium 
ribbon is being ignited, a glowing piece of it may melt off at the top, fall 
on the ignition powder, and set it off while the operator’s hands are directly 
over the crucible. Many serious burns have been caused in this manner. 

This hazard may be eliminated by substituting for the magnesium ribbon 
a potassium permanganate-glycerine mixture. About 0.25 gr. of dry potas- 
sium permanganate is finely powdered in a porcelain mortar. This powder 
is placed in a heap on top of the ignition mixture. A small crater is made 
in it and into this is added one drep of glycerine from the end of a glass 
rod or a piece of small bore tubing. After a short time a vigorous oxida- 
tion of the glycerine by the permanganate occurs, which soon ignites the 
mixture of powdered aluminum and barium peroxide. The period of time 
which elapses before the ignition powder is set off is governed roughly 
by the thickness of the permanganate layer at the bottom of the crater. A 
thickness of 1 mm. requires about 10 sec. for ignition to take place. The 
permanganate-glycerine mixture may be used with the customary one to 
ten barium peroxide and aluminum ignition powder. 

The above method of ignition has been tried out successfully in the 
preparation of chromium, manganese, silicon, iron, boron, columbium and 
tantalum by aluminum reduction. We believe that the use of the perman- 
ganate-glycerine mixture will prevent many accidents, particularly if it is 
necessary to carry out the reductions in the open air, where the presence of 
a breeze makes it difficult to ignite a magnesium ribbon. 

The ignition of many other combustible mixtures such as the one men- 
tioned above (potassium chlorate-sugar) may be carried out in the same 
manner. 








190 Illinois State Academy of Science Transactions 


Methods for Determining Fluorine* 
L. D. McVicker 


State Geological Survey, Urbana, Illinois 


Fluorine ranks nineteenth in the order of abundance of the elements 
in the earth’s crust, being three times as abundant as copper and fifteen 
times as abundant as lead. But in spite of its abundance, the chemistry of 
fluorine and its compounds is the least understood of the common elements. 
The reason is due in part to the extreme reactivity, the toxicity, and to the 
large number of anomalies occurring in fluorine and its compounds. 

Fluorides are met with in (1) drinking water where “fluorosis” or 
mottled teeth may be produced, (2) the removal of fluorine from phosphate 
fertilizer made from fluorapatite, (3) the increasing use of fluorides as 
fungicides and insecticides, (4) organic fluorides used in electrical refrigera- 
tion, the dyeing of fabrics, electrical transformer oils, and various solvents. 

To analyze a fluoride it is first necessary to convert it to a soluble 
fluoride, most always sodium fluoride. With inorganic fluorides decompo- 
sition can be effected by sintering with calcium oxide in a closed nickel tube 
or by ignition with sodium peroxide, sugar and potassium chlorate in a Parr 
bomb. By far the most applicable method is fusion with sodium and potas- 
sium carbondates with a tenfold excess of silica flour. This converts the 
fluorine to soluble alkali fluoride and all cations to insoluble silicates, thus 
effecting an easy separation of most interfering substances. 

Organic fluorides must first be decomposed and converted into inor- 
ganic. A convenient means of effecting decomposition is by ignition with 
oxygen in a silica tube, packed with crushed silica and maintained at a tem- 
perature of 900° C. To utilize this method, the organic fluoride must be 
capable of being brought to the vapor state. Decomposition is rapid and 
complete, the fluorine being volatilized as silicon tetrafluoride which is ab 
sorbed in a solution of sodium hydroxide. This appears to be the best method 
available for gaseous fluorides. Another method applicable to organic 
fluorides, except for gaseous fluorides, is decomposition with metallic sodium 
in liquid ammonia. The organic fluoride is dissolved in liquid ammonia, with 
the aid of a suitable solvent inert to sodium such as ether, tributylamine, etc. 
Small pieces of sodium are slowly introduced until an excess is indicated by 
the blue color of ionized sodium. The excess sodium is then destroyed with 
ammonium nitrate or by the cautious addition of water. The fluorine of the 
organic fluoride is then in solution as sodium fluoride. Organic fluorides can 
also be decomposed by ignition with calcium oxide or in a Parr bomb with 
sodium peroxide and potassium chlorate. The last two methods cannot 
always be relied upon for quantitative decomposition. 

When the fluoride being analyzed has been converted to soluble sodium 
fluoride all interfering substances must be removed. The old Berzelius 
method involving the precipitation of the cations gives low results due to 
adsorption. The best method to date is the distillation method of Willard 
and Winters. An ordinary 250 cc. distillation flask equipped with a special 
spray trap and connected to an ordinary Liebig condenser is used. A piece 
of glass tubing extends to the bottom of the flask through which steam can 


* Published by permission of the Chief, Illinois State Geological Survey. 
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be blown. A thermometer also extends to the bottom of the flask. To 
distil, the impure fluoride is introduced into the flask together with 20 ce. 
of concentrated sulfuric or perchloric acid. The liquid in the flask is main- 
tained at a temperature of 135° C. and steam distilled so that the distillate 
comes over at a rate not exceeding 90 cc. per hour. Ordinarily 150 cc. of 
distillate is sufficient to contain all of the fluorine. 

In all gravimetric methods the silica must be removed by evaporation 
to near dryness with ammonium hydroxide and the silica filtered off. Such 
a procedure always leaves an appreciable quantity of silica which must be 
taken out with ammoniacal zinc oxide. After the removal of silica, the 
fluoride ion can be precipitated in acetic acid solution with calcium or lan- 
thanum nitrate thus precipitating calcium or lanthanum fluoride which is 
filtered, washed, ignited, and weighed. Fluoride ion can also be precipitated 
with lead chloride as the lead chlorofluoride salt. The chief difficulties of the 
latter three methods are the slimy nature and appreciable solubility of the 
precipitates. A relatively new procedure uses triphenyl tin chloride as the 
precipitating agent which precipitates the fluorine as the extremely in- 
soluble and crystalline triphenyl tin fluoride. Due to the low solubility of 
the precipitating agent not more than forty milligrams of fluorine can be 
conveniently handled. 

The fluoride ion can be accurately determined colorimetrically if close 
attention is given to all details such as volume, temperature, acidity, etc. 
The Steiger-Merwin method depends upon the fact that the fluoride ion 
bleaches the yellow color produced on treating titanium salt with hydrogen 
peroxide. Standards are made up with known amounts of fluoride ion and 
compared with the unknown in ordinary Nessler tubes. This method fails 
with over two per cent of fluorine. 

The De Boer method depends upon the fact that fluoride ion bleaches 
the pink color of a solution of zirconium nitrate and sodium alizarin sul- 
fonate and is carried out in the same manner as the Steiger-Merwin method. 

The conductometric methods ‘are the least satisfactory of all due to the 
unstable and widely varying end points. 

The volumetric methods, in general, give the most reliable results in 
determining the fluoride ion. Titration with ferric chloride using ammonium 
thiocyanate as indicator is useful when the concentration of fluoride is large. 
The titration is carried to the appearance of the pink color of ferric thiocyan- 
ate, ferric fluoride being un-ionized fails to react with ammonium thiocyanate. 

An indirect method for the determination of fluorine involves the pre- 
cipitation of the fluoride ion as cerous fluoride with excess cerous nitrate. 
The excess cerous nitrate is determined by titration with potassium per- 
manganate, which furnishes its own indicator. Due to the hydrolysis of ceric 
nitrate to form nitric acid, the titration must be done in the presence of an 
excess of zinc oxide. 

Probably the most accurate volumetric method is by titration with 
thorium nitrate using a buffer, proposed by Ferris and Hoskins of tri- 
chloroacetic acid, with a zirconyl chloride-sodium alizarin sulfonate indicator. 
The amount of fluorine must be small, not over twenty milligrams and the 
thorium nitrate solution should not be stronger than 0.017 N. 
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Demonstrations of Electrolyses by Optical 
Projection 


G. W. Thiessen 
Monmouth College, Monmouth, Illinois 


This paper contains nothing new. It is a reminder of the usefulness of 
the projection lantern in lecture demonstration of the processes occurring 
when the electric current traverses aqueous solutions with the intervention 
of electrodes. This subject has already been thoroughly discussed in a 
manual of lecture experimentation,’ but the author feels that perhaps it is 
not as widely used as appears warranted, and hence calls attention of the 
Academy to it by this paper. 

The apparatus may be varied according to what is at hand. The essen- 
tial items are: (a) a projection lantern, (b) an electrolytic cell with elec- 
trodes, solutions, etc., (c) source of electrolytic current, with any regulating 
and measuring devices desired in conjunction with it, and (d) a screen, 
which for this purpose is somewhat different in its best form from the con- 
ventional type. We will briefly consider acceptable forms of each of these. 

The author prefers a “bench” type lantern with illumination furnished 
by an electric arc lamp drawing about 15 amperes of current. A suitable 
instrument was formerly produced by the’ McIntosh company, but appears 
to have been withdrawn from the market. For this use, it is necessary to 
cut out the top of the slide holder so that access may be gained to the elec- 
trolytic cell from the top. With the bench lantern, an extra slide holder for 
use with the usual slide carrier may be readily substituted for the mutilated 
one when desired. The power of the arc light makes darkening the room 
unnecessary. Lacking this particular equipment, almost any modern stere- 
opticon using an incandescent bulb may be adapted by cutting out the top of 
the slide holder; and usually a metal cover with bolts may be provided to 
replace this sawed-out portion when the regular slide carrier is in place. 
The objective of the lantern should be of short focus, so that the lantern may 
be set up on the lecture table in front of the class and the image projected 
on a screen hung on the wall in front and to one side of the observing class. 
This arrangement is almost necessary for facile operation of the outfit by the 
lecturer alone. 

Electrolytic cells are commercially available from several standard 
supply houses. They replace the slide carrier of the lantern. They are 
made of three plates of glass cemented together, the central one being cut 
out to provide a U-shaped cavity with plane sides. Platinum foil electrodes 
suitably mounted come with the cell. We have preferred, however, to pro- 
vide our own electrodes. They were made by fusing No. 28 platinum wires 
to balls about % mm in diameter, and sealing the wire-ends attached to the 
balls in Imm glass tubing of suitable length. Mercury and copper leads 
provided conventional contacts, and a holder for the electrodes has been 


1Newth, Chemical Lecture Experiments, pp. 311 ff. (Longmans, 1928.) 
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arranged of two wooden spring clothespins secured by small screws to a 
bakelite strip. This is set upon the top of the slide holder and the electrodes 
are fastened in the clothespins at the proper depth. The wires are con- 
veniently fused both at once by making them the terminals of a high-tension 
arc. We use a Thordarson transformer rated at 8000 volts and 75 K.V.A. 
for this job. 

The screen should be adapted to receiving writing. As has been pointed 
out by Taft’? an ordinary wall blackboard will serve; but a white chalkboard, 
prepared as suggested by Taft in this same article, works better. It may 
be written upon with colored chalk. The author has found it possible to 
purchase from a local printing establishment large squares of glazed card- 
board, which he uses upon both sides and then discards. 

Dry cells are convenient and cleanly sources of current. Two or three 
of standard size serve for solutions which conduct well. For systems which 
conduct poorly (e.g. hydrosols) a 2214 volt radio C battery is better. Stand- 
ard voltmeters and variable resistances may be used to control the output 
fraction applied to the electrodes. Spring clips of the smallest available 
size are most convenient for applying the delivered voltage to the cell. 

The setup is used at Monmouth College ordinarily for the demonstra- 
tions of the electrolyses of (a) 1 N. hydrobromic acid, (b) .1 N. potassium 
bromide, (c) .1 N. lead salt—acetate or nitrate, (d) ferric hydroxide sol 
and (e) arsenious sulfide sol. 

The explanation accompanying the demonstration may be divided into 
three parts: one each to serve for each electrode-solution interface, and one 
for the “midcell,” i.e. the solution intervening between the electrodes. Thus, 
to explain for the electrolysis of potassium iodide the observed evolution of 
(hydrogen) gas at the cathode and iodine at the anode, there is lettered 
upon the screen between the electrode images, the symbols H;0*, K*, OH, 
I-; arrows are drawn to show the direction of motion of each species; and 
the ionic equations 2e + 2H:;O* — 2H.0 + Hf; and 21: — I. + 2e are 
written near the cathode and anode respectively to represent occurrences 
there. The class, reciting, should contribute much of the information here 
pictured. 

It has been found possible to rig up a fairly satisfactory projector for 
electrolysis using an automobile headlamp bulb and toy transformer for the 
illumination, and cheap single or double convex lenses of one or two inch 
diameter as condensers and objective. A flat-sided bottle filled with water 
contains a small vial or test-tube provided with electrodes. Economy of 
reagents is very great with this device, but the room must be dark, and 
the projected pictures are not so clear. 


? Taft, J.. Chem. Educ. 6, 1643 (1929). 
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Recent Work on Silicate and Related Systems 
Involving Chemical Components of 
Illinois Sedimentary Rocks* 


F. V. Tooley 
Illinois State Geological Survey, Urbana, Illinois 


INTRODUCTION 


The taking from the earth of various materials and the utilization of 
them, either directly or indirectly, in the production of socially useful 
objects, is as old as man himself. As milestones in this development might 
be mentioned the construction of caves and mud shelters for habitation. 
Later, with the discovery of fire, came the burning of crude clay wares both 
for structural and artistic purposes, and the production of crude glass. Out 
of these humble beginnings studies of the relationships between chemical 
composition of materials taken from the earth, temperature, and properties 
of the finished product have been slowly developing through their empirical 
stage and are in the present gaining a truly scientific foothold in the accu- 
mulated experience of civilization. Today we have better cements, glass, 
refractories, bricks, insulation materials, steel, and better building materials 
in general chiefly because we understand these relationships more thoroughly. 
In the present paper it is desired to present in necessarily brief form, con- 
sidering the immensity of the subject, a glimpse of the state of high-tempera- 
ture research on silicate and related systems. 


The Basis of Recent Advances 


Advances in high temperature silicate chemistry are the result of 
a combination of developments both on the theoretical and practical side. 
Of great significance on the theoretical side has been the phase rule of 
Willard Gibbs, the theorem of Le Chatelier and its quantitative expression 
in the form of the Clausius Clapeyron equation. Practically, recent ad- 
vances in the fields of high temperature furnaces, thermoelectric pyrometry, 
microscopy, and the development of the quenching method and other 
techniques by the Geophysical Laboratory in Washington have been of 
major importance. The general impetus given work in the field of high 
temperature silicate chemistry by this latter institution both in the develop- 
ment of new techniques and apparatus, and in performing a tremendous 
amount of experimental research is deserving of the highest praise. 

Experimentally, data for the construction of diagrams illustrating phase 
relationships at equilibrium are obtained by holding intimate mixtures, 
of definite composition, expressible in terms of the components of the 
system investigated, at a definite temperature, allowing the system to come 
to equilibrium and determining the relative amounts and the nature of 
the phases present under these conditions. 


* Published by permission of the Chief, Illinois State Geological Survey. 
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The Body of Experimental Data 


Upon examination of the average composition of the lithosphere’ it 
is of little wonder that the greater part of researches on silicate and re- 
lated systems have dealt with those systems the composition of which can 
be expressed by some combination of the oxides, SiO:, Al.O:;, CaO, MgO, FeO, 
Fe:0;, NazO and K:0O in varying proportions. On the calcined, or CO. and 
H:0O free basis, roughly 98 per cent of both igneous and sedimentary rocks 
is represented by these oxides. Consider further the position of these 
materials in industry. Ordinary portland cement, cements containing 
granulated blast furnace slag, pozzolanas and pozzolanic cement, and 
aluminous cement can all be represented in systems of components chosen 
chiefly from the above oxides. Likewise is this true of ordinary glass, 
silica, dolomite and fireclay refactories, bricks, tile, whiteware, porcelain, 
rock, slag and glass wool. Were we to imagine our present civilization 
minus cement, steel and glass, as we now know them, the importance of 
scientific information on systems composed of these oxides becomes strik- 
ingly apparent. 

Although a detailed analysis of any of the individual systems studied 
cannot be given, the type of information procured in the field of research 
on silicate and related systems has to do, in the majority of cases, with 
the relationship of composition and temperature to the formation of com- 
pounds, eutectics, solid solutions, immiscible liquids, fields of stable phases, 
the distribution of phases, and to the physical properties of certain products 
derived from the systems. Tables I, II and III illustrate silicate and related 
systems on which work of this nature has in some degree been performed. 
One of the most pleasing phases of this work is the wide applicability of 
results to any problems involving the components of the particular system 
studied, i.e., its fundamental character. Thus the CaO-Al.0;-SiO. system has 
been helpful in problems not only in the cement industry, but in problems 
of the metallurgical and ceramic fields as well. Indeed, much of the work 
on phase equilibria performed by the Geophysical Laboratory in Washing- 
ton, primarily concerned with’ geological application, has contributed 
equally as much in the industrial field. 

This body of information is related fundamentally to the utilization of 
Illinois sedimentary rocks: In the first place the compositions of Illinois 
rocks can be expressed almost solely in terms of the oxides previously 
shown to be the major components in systems including the majority of 
products in the cement and ceramic industries, and the major components 
in metallurgical slags; as a matter of fact, a considerable Illinois production 
is utilized by these industries. Secondly, the complete phase equilibrium 
data of, and the properties of the various materials occurring within 
systems formed from the components in the sedimentary rocks are not 
fully known. These facts have been instrumental in developing the view- 
point on the part of the Illinois State Geological Survey that certain 
carefully selected avenues of research might contribute valuable informa- 
tion in the field of non-fuels technology in the State, both in the creation 
of new products and the improvement of old. The third point looks into 
the future a considerable distance, perhaps. A mixture of silicates in the 
molten state when allowed to cool delivers crystalline materials from 
solution, not haphazardly, but in an ordered manner predictable from 
phase equilibrium data. This suggests the possibility of extracting, by 
fractional crystallization from a cooling melt, pure minerals to be used, 
after cooling and grinding, as such, or in combination with other materials 
for the synthesis of new products. Likewise can be visualized a “silicate 
alloy” industry, preparing silicate glasses of desired composition and grain 
size to be utilized as the glassy bonding materials in ceramic wares. 

—6 
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Silicate Systems 





Completely or partially studied by various investigators from a standpoint of 


phase equilibrium relationships and other properties. 


relatively high temperatures in all but a few cases. 























TABLE I 
| SiO2 | 
Binary Ternary Quaternary 
AlzOs —Ca0}Al20z ———  Na20|Fe20: 
CaO MgO MgO 
MgO FeO K2Si0s 
FeO Fe20s K2Si20s 
Fe203 Na20 ZrO2 
Na2O K20 B2O3 
K20.S8i02 CaF2 CO2 ; 
MnO BaO H20 —Ca0/Al203—MgO 
PbO SrO NaF AlzO3s—Fe203 
CaO .SiO2 TiO2 I Na2O.S8i02|K20.S8iO2 AlzO03s—Na20 
Na20.SiO2 LizO |\CaO.SiO2 B203—Na20 
K2COsz P20s __|Fe2O3__ FeO—Fe203 
NasAlF's CO2z ———  K20)/PbO MgO—FeO 
SrO H20 MgO Ti02z—MgO 
BaO MnO \CO2 Ti02z—MnO 
LizO B20s < |H20 —Aiz0a|FeO—Fe20s 
CaS —Al203|MgO FeO|MgO K20—Na20 
Pb304 FeO Fe203 CaO—TiO2 
ZnO Fe2O3 |SnO CaO—K20 
B203 Naz2O _|Mn0O_ Na2zO—FeO 
SnO K20 —— Fe203|ZnO K20—Fe203 
ZrO2 NasAIFe |——— _ MnO|TiO2 —Na20|Ba0—CO2 
TiO2 TiO2z ——  Pbs0.|K2COs 
BeO LizO — CuO|V20s 
Cr203 MnO ioe Al|S 
MnS BaO deca Fe|S 
MnO ZnO 
H20 
Systems of more than four components: 

Si02—CaO—Al2O3—MgO—Na20 

Si02—CaO—Alz03—MgO—K20 

Si02—CaO—Al2Os—MgO—Na20—Fe203s—FeO 

Si02—Si—MnO—Mn—FeO—Fe 

TABLE II 
; Systems Without SiO. 

CaO|MgO Al203|MgO Ca0{Alz0s—K20 
Al2Os \CaF2 AlzO3s—Na20 
Fe2O3 |ZnO AlzOs—MgO 
B203 \Cr2O3 AlzO3s—Fe203 

—__}ar02_ __'Ti0a NaF |CaF2—AlFs 

NaF \AIFs _2r02|ThOa MgO|FeO—Fe20s , 
|KF PbO|PbF2 Fe20s|FesO.—O. 
CaF2 |Bi2Os i be hed 
PbF2 As2Os Na2O|K20—B203 
CdF2 V20s K20—As20s5 

AlFs|KF \MoOs 20—CrOs 
LiF ICrOs K20—WOs 

ares lWOs K20—Mo0Os3 
MgF2|LiF —— MoO3s—W0Os 
CaF2 FeO|MgO Se ee 
eee nt |AloO3 PbO|CrOs—SOs 
__KF|BaF2 Roornor MoOs—WOs 

B20s|LizO es | MoO3—Biz0s 
Na20 MoO & WOs—Bi203 
CdO wo . PbF2—As20s5 
MnO cite 3 PbF2—V20s 
PbO K20/Aas0s AizOa|NaF—AIFs 

ss NaF—AIFs—CaF2 



































TiO2|ThO2 


These studies were made at 
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TABLE III 


Melting Diagrams 














MgO|NiO AlzO3|CaO ZrO2/CaO ZrO2z |\CeO2—Ce203 
CoO BaO SrO BeO—CaO 
AlsOs SrO |BaO BeO—CeO2 
Cr2O3 MgO |BeO ThO2—CaO 
Fe304 NiO MgO ___|ThOz—MgO 
Mn304 CoO ZnO BoCcao 
SiO2 TiO2 NiO CeO2 
TiOz SiO2 CoO CoO 
ZrO2 BeO AlzOs ICroO3 
Cu20 Cu20 Cr203 ICu20 
CaO ZrO2 Fe203 lFesOx 
BaO ThO2 Mn304 ILa »O3 
|SrO CeO2 La2Os iMn3O« 
peat La2Os CaO|Mns0q NiO 
CeO2 Mn304 Cu20 ThO2 
!La2O3 Fe304 TiO2 TiO2 

Si02|K20 Gente CoO 
|Rb20 T2U3 NiO 
\Cs20 CeO02|CaO ThO2 

Cr203 Cr203 
FesO«4 

Mn304 

ZrO2 

Cone Deformation Diagrams 
Al2O3 .28i02—CaO 

AlzO3 .28i02—MgO 

AlzO3 .28i02—FeO 

Al2O3 .28i02—K20.Al2O3 .68i02 
Microcline—steatite 
Microcline—albite 
Orthoclase—CaO 
Orthoclase—MgO 

Ibite—CaO 
Albite—MgO 
Feldspar—Flint— Kaolin 
BIBLIOGRAPHY 
1. me tose of Geochemistry : . W. Clarke U. S. Geological Survey Bulletin 770, 


a. mt Bortbitation of Phase-Rule Diagrams of Interest to the Ceramist and Silicate 
Technologist: F. P. Hall and Herbert Insley. Journal of the American 
Ceramic Society 16, 455-567 (1933). 

3. Supplement to A Compilation of Phase-Rule Diagrams of Interest to the Cer- 
amist and Silicate Technologist: F. P. Hall and Herbert Insley. Journal of 
the American Ceramic Society 2/1, 113-157 (1938). 


Note: Due to lack of space it is impossible to include in the bibliography refer- 
ences to all the systems in the Tables. Systems not referred to in reference 
2 above will be gladly furnished by the author. 


Since this paper was presented, a good deal of phase equilibrium data has 
appeared in the literature. The tables have been revised in this paper 
therefore to include these new systems, most of which are taken from 
Reference 3. 
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Chemiluminescence-Oxidation of Pyrogallic Acid 


Lyle K. Ward and C. W. Bennett 
Western Illinois State Teachers College, Macomb, Illinois 


The subject of chemiluminescence has attracted much attention during 
the last few years. Our interest in this matter was started by the paper 
given by Dr. Audrieth* a year ago on the oxidation of 3-amino phthalyl 
hydrazide.? This material yields a brilliant bluish green light upon oxidation 
with H.0. and K;Fe(CN)., but no appreciable heat. In a photochemical 

_ process such as photosynthesis light is used to cause a certain chemical 
reaction, or the process may be said to absorb light. If there are processes 
in which light is absorbed there should be those where light is evolved. 
Many of these yield both light and heat as in ordinary combustion. Those 
yielding light without heat are not so common. This process of yielding 
cold light is called chemiluminescence. This phenomenon is related to, but 
different from, fluorescence or phosphorescence. In fluorescence light of a 
certain wave length, usually ultra-violet, is absorbed by the activated 
material and emits light, usually visible, of a different wave length. Phos- 
phorescence seems to differ only in that it persists after the source of light 
is removed. Chemiluminescence is the emission of light directly from a 
chemical reaction without any outside source of radiation. 

A review of the literature in Taylor’s Physical Chemistry’ and a recent 
number of the Journal of Chemical Education* shows that several substances 
when oxidized give varying degrees of ‘ight of different wave lengths. These 
include the oxidation of siloxene, an unsaturated silicon hydroxide, the 
oxidation of safranin by means of ozone, oxidation of phosphorus (the best 
known example), and the one we are going to attempt to show, the oxida- 
tion of pyrogallic acid‘, or 1, 2, 3, benzene-triol, (C:H:(OH)s). 

A mixture of 50 cc. of a 10% aqueous solution of pyrogallic acid, 35 cc. 
of 40% formaldehyde and 50 cc. of 40% KOH is placed in a separatory 
funnel and concentrated hydrogen peroxide in another funnel. These are 
allowed to drip very slowly into a spiral condenser. In a darkened room 
the brilliant red glow is very striking. We have found that by using equal 
parts of saturated K;:Fe(CN). with the peroxide the action seems to be 
increased. 

It is noteworthy that this oxidation must be carried out in alkaline 
solution. This seems to be the general rule. The mechanism of chemi- 
luminescence is not understood nor is it known, so far as we can determine, 
what products are formed in most cases. 


BIBLIOGRAPHY 
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PAPERS IN GEOGRAPHY 


Extract From THE Report oF THE SecTION CHAIRMAN 


The program of the Geography Section carried nine papers, of which 
six are here represented. The others are: 
The Distribution of the Apple Orchards in Calhoun County, by Alfred 
W. Kasel, Moline High School, Moline. 
The Soybean Industry of Illinois, Mabel Crompton, Illinois State 
Normal University, Normal. 
Illinois Council of Geography Teachers, by Clare Symonds, Quincy High 
School, Quincy. 
Average attendance at the meetings was twenty-five. 
R. E. Crist, University of Illinois, Urbana, Illinois, was elected chairman 
of the 1938 meeting. 


(Signed) H. O. LatHrop, Chairman. 
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Reforestation in Southern Illinois: The Shawnee 
National Forest Purchase Units 


Thomas F. Barton 


Southern Illinois State Normal University, Carbondale, Illinois 


After approximately one hundred years of forest, wildlife, soil, water 
and mineral exploitation, so nearly exhausted are the natural resources in 
the eleven counties of southern Illinois that the area is now in a desperate 
economic condition. A brief discussion of this area’s present economic con- 
dition, some of the geographic factors contributing to its economic decline, 
and a plan for restoring part of its wealth as well as establishing a permanent 
economy in the area, is the object of this paper. A report of the restora- 
tion of renewable resources in the Shawnee National Forest purchase units 
in the hardwood area of Illinois, will illustrate how, in many ways, the 
national government through the forest service is reestablishing natural 
resources and thereby making investments in our future national wealth. 
Other central hardwood reforestation projects of which the Shawnee National 
Forest Purchase units is representative are being developed in Ohio, Indiana, 
Kentucky, Iowa, Missouri, and Arkansas. 

A General Landscape Picture—The landscape in the three southern 
most tiers of counties in Illinois is one of decadency. Here and there the 
scattered patches of forest, cut over and now occupied by less valuable 
species of trees, have been gutted by fires and reduced to a poor quality 
of coppice. In recent years, especially since the development of concrete 
highways, these hitherto isolated forests have been drawn upon for mine 
timbers, ties and saw logs until virtually every specie of commercial size has 
been utilized. -Most of the wildlife that once inhabited this region is 
now gone. The well stocked fur and fish streams have been miserably 
thinned out by mine impurities, earth materials from _ soil erosion, 
sewage, and also by the too frequent and greedy “catches” of man. In 
this area are found abandoned mines and disintegrating mining towns. 
The once fertile and cultivated slope lands are now deeply scarred by 
gully erosion, and over large areas the top soil is gone. Deserted fields 
produce only persimmons, sassafras and blackberry thickets. Because of 
slope wash and floods, the formerly tilled bottomlands are weed infested. 
Numerous abandoned pastures are now weedy plots of ground. And, as 
a natural sequence to such a picture, a gradual but steady exodus of rural 
population, leaving behind abandoned farmsteads, has been going on for the 
past quarter century and continues today. 

The Problem.—A quantitative analysis of (1) terrain, (2) forest removal, 
(3) extent of erosion, (4) population exodus, and (5) farm values may help 
to clarify the landscape picture. 

(1) Terrain. The terrain of southern Illinois is of a hilly nature 
generally rough and broken with many precipitous rocky slopes and having 
a maximum difference in eleyation of approximately 600 feet. According 
to E. A. Norton, “About 75 per cent of the area lies in slopes steeper than 
15 per cent . . . Ten per cent of the area is bottom land .. and the 
remaining 15 per cent lies on slopes varying from 3 to 15 per cent.” 

1E—. A. Morton is Assistant Chief in Soil Survey Mapping in Illinois. Quota- 


tions taken from a reprint by E. Sawyer, “National Forest Movement | in 
Illinois”, Transactions of the Illinois Academy of Science, Vol. 23, No. 2, 1932, p. 2. 
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(2) Forest removal. When white man first came here he found over 
this rough terrain an “oak-hickory” forest on the slopes and uplands, and 
“river bottom hardwoods and Cypress” on the major flood plains. But by 
1932, the timber in the principal counties in which the Shawnee National 
Forest purchase units are located had been cleared for farms or so indis- 
criminately cut that about only one-third of the original timber area remains, 
and most of this is cut-over forest land. According to M. E. Ensminger, 
just thirty years ago the unglaciated part of southern Illinois was still 
covered with timber and the “income from this natural resource was about 
$2,000,000 per year. Since 1905, this has been going down until today it 
is less than $100,000 per year, and there is less than one per cent of the 
original timber which has not been cut over.’ 

(3) Extent of erosion. Once the forest cover was removed and the 
ground plowed, soil erosion became inevitable. A map of Illinois prepared 
by the Illinois Soil Survey Divsion showing the percentages of county areas 
affected by erosion of a “serious” and “destructive” nature reveals the start- 
ling extent of erosion in the area under consideration.? In six of the eleven 
counties more than 75 per cent of the land has been affected by “serious” 
and “destructive” erosion, and three of the remaining five show from 51 
to 75 per cent of the land so affected. This erosion has taken place primarily 
on the slopes steeper than 15 per cent where erosion is destructive even 
under a grass cover. Erosion has also been harmful on the 3 to 15 per cent 
slopes where, at one time or another, most of the land has been under 
cultivation. Today, due to soil depletion through erosion, long periods of 
leaching and continuous cropping, about two-thirds of this slope land has 
been abandoned. This is now waste land chiefly occupied by weeds and 
brush. 

(4) Population exodus. Although the drift of people from this area 
has not been spectacular, it is none the less real. A map prepared by the 
University of Illinois Agricultural Experiment Station comparing the 1930 
with the 1910 population by civil divisions furnishes conclusive evidence 
of this existing condition. Many townships have lost as much as one-third 
to one-half of their rural population.‘ 

(5) Farm values. The economic status of the remaining farmers is 
indicative of the land utilization problem.’ In 1930, in Hardin, Pope, 
and Johnson counties, with the exception of two civil divisions, the value of 
farm land and buildings was less than 30 dollars per acre, with some large 
areas valued under ten dollars. In the same year, when only the valuation 
of farm land per acre was considered, over nine-tenths of the land now in- 
cluded in the Shawnee National Forest purchase units was valued from 
0-30 dollars per acre, with much of it valued at less than ten dollars an 
acre. . 

Cereals Versus Tree Utilization—From the standpoint of national 
planning, the question confronting one is, in what way can the land in the 
eleven counties of southern Illinois best be utilized? Undoubtedly, the best 
and in some places the only use that can be made of a large per cent of 
the land is to plant it to trees rather than cereal crops. This is especially 
true of seven of the eleven counties in the Shawnee National Forest purchase 


1M. E. Ensminger; from an unpublished manuscript entitled, “Ah Wilderness”. 
(Mr. Ensminger is manager of the Dixon Springs Pasture and Erosion Control 
Demonstration Project.) : ; 
Map, p. 123, A National Plan for American Forestry, op. cit. 
*L. W. Sawyer, op. cit., p. 2. 
* Unpublished statistics compiled by the writer. | 
6 Maps and charts from the Illinois State Planning Commission. 
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units. These seven counties contain an area of 2131 square miles of which 
53 per cent of the total area is so rough that under the present economic 
system it will not prove profitable. Furthermore, 11 per cent of this total 
area contains flat land with an impervious subsoil, thus excluding it from 
land suited to cultivation.’ 

Admitting that 65 per cent of the land in these seven counties can be used 
for cultivation, the question arising is: should the abandoned land be 
reforested, or should it be fertilized and returned to crop production? More- 
over, with a soil that is impoverished, is it not possible in this scientific 
age to restore its fertility with fertilizers and reduce slope wash with contour 
plowing, strip farming and terracing? In order to find a scientific answer 
to these two questions, the University of Illinos located two experiment 
fields in the area. The conclusion following this investigation was that 
the submarginal land could not, under ordinary grain cropping systems of 
farming, be made profitable. 

It is not surprising, consequently, that in this area tax-deliquency has 
grown with accelerated tempo. Of the 2131 square miles in seven counties 
in which reforestation is to be developed, by February, 1931, 25,320 acres 
had been forfeited for the non-payment of taxes.” Alexander County alone 
by the end of 1931, contained over 25,000 acres of land that had been for- 
feited for this reason, representing in that county an increase in one year 
of 15,269 acres, and a total as great as the combined seven counties for 
the previous year. Alexander County is not a unique example. It is typical 
of land forfeiture in the region. 

After examining the statistical evidence as to the extent of erosion, 
amount of land abandonment, and percentages of land suited for agricul- 
ture, it becomes evident that reforestation here is the feasible solution to 
efficient land utilization. Acting upon this conclusion, the public leaders of 
Illinois prevailed upon National Government agencies to start a reforestation 
project in southern Illinois. 

Location and Pattern.—The, Shawnee National Forest project is located 
in the three southernmost tiers of counties in Illinois. Its pattern is roughly 
H-shaped. The two vertical bars of the H are represented by the tier of 
counties paralleling the east side of the Mississippi River, namely, Jackson, 
Union, and Alexander counties, and the tier paralleling the west side of 
the Ohio, namely, Gallatin, Hardin, Pope, and Massac. These two vertical 
bars of the H are almost connected by two horizontal projections which 
extend from the east and west and almost join near the center of the state 
where they occupy parts of Hardin, Pope, Johnson, and Union counties. 

The irregular exterior boundaries of the project enclose 785,000 acres— 
60 per cent of which will be purchased for reforestation. The irregular 
boundaries are due primarily to the adjustment of the boundary to land- 
form and soil conditions. The government is attempting to exclude good 
agricultural land and at the same time to include as much as possible of 
the region that should be reforested. 

Objectives.—The five primary objectives of the Shawnee National Forest 
purchasing units are: (1) erosion control, (2) restore and manage wildlife, 
(3) develop and provide recreational facilities, (4) develop sustained yield 
of timber and game and, (5) sustain forest communities. 

(1) Control Erosion. Although the ultimate goal of the project is to 
hold in place the soil as produced by nature, the immediate objective is to 


1 Statistics furnished by the Illinois Soil Survey. 
2 County tax figures. 
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check soil destruction. Already, a large part of the time and money has 
gone toward protecting soil from fire and erosion. 

According to C. S. Horton, of the four principal factors in local erosion, 
namely, steepness of slope, the thundershower type of rainfall, lack of a 
long cold period, and the characteristics of the loess soil, the latter is the 
crux of erosion tempo. From the standpoint of erosion, this soil has all 
the poor qualities of sand and clay soils and none of the good. Clay soil 
puddles and thus protects itself in part from erosion; sandy soil permits 
rapid percolation thus protecting itself by decreasing the run-off; but when 
water falls on loess the soil melts away like sugar;* consequently, a forest 
litter plays an important role in controlling erosion in this area. 

(2) Restore and manage wildlife. In this project many factors will 
contribute to the restoration of wildlife. A cutting cycle and plan for dis- 
tributing cuttings will be adopted thus permitting cuttings to be economical 
and at the same time provide suitable game habitat. Invaluable game cover 
will be furnished by the many comparatively small plantings of conifers’ 
distributed throughout the project to fit soil conditions. A sane program 
of “weed tree” elimination will be followed, and not one that would be 
inimical to wildlife. Plant species of major importance to wildlife will 
be chosen wherever feasible for erosional control and for sites too poor to 
produce first class timber. Thus, many of these plants will have the dual 
function of furnishing food and cover for wildlife and at the same time aid 
in erosion control. 

(3) Develop and provide recreational facilities. Only the lack of good 
roads and recreational facilities have prevented more people from enjoying 
“Little Egypt’s” points of interest and beauty. In this area there are many 
places of geographical, archaeological and geological phenomena of edu- 
cational and recreational importance. The construction of good roads will 
make these points of interest accessible to the general public. Picnic grounds 
with modern equipment, parks, and in the future, swimming facilities will 
be constructed. Provisions will be made for fishing and hunting. In this 
way the people can enjoy the Shawnee National Forest purchase units and 
at the same time the natural resources will be protected from destructive 
public habits. 

(4) Sustained Yields. Both the trees and the game are to be managed 
on a sustained yield basis. This type of management has many advantages. 
Game will be protected from being exterminated by its enemies, and at the 
same time it will not be permitted to multiply to the point where it will 
destroy its own habitat. By a cutting cycle operated on a sustained yield 
basis the forest will fulfill its multiple use of protecting soil, regulating 
water, contributing to recreation, providing a suitable habitat for game, and 
furnishing steady yearly employment for workers. 

(5) Sustain forest communities. The Shawnee National Forest purchase 
units are expected to sustain small forest communities, and, in time, small 
wood-working industries. In these communities men will find work in the 
various uses made of the forest. Trees will require planting, thinning, trim- 
ming, logging, and protection from fire, disease, insects, and rodents. Wildlife 
will need to be cared for. Fishing and hunting parties will need lodging, 
equipment and guides. The tourist trade will supply work for those in private 
business or working for the Government. Small wood working industries 
will furnish some annual employment. Some of the family income will be 
earned by tilling small plots of the better land adjacent to the towns. Each 
family will be expected to have a garden and few animals. It is hoped that 


1 Personal Interview with G. S. Horton, December 17, 1936. 
2?Ira N. Gabrielson, The Correlation of Forestry and Wildlife Management, 
Wildlife Research Management Leaflet, BS-87, Bureau of Biological Survey, p. 4. 
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these communities will have a rather steady income from year to year, and 
not be a booming town one year and a ghost town a few years later. 

Fires.—The keystone of the whole problem in restoring the renewable 
resources in the Shawnee units is fire control. This is more true of southern 
Illinois than some of the other areas being reforested. In northern Michigan 
“weed trees” enter abandoned land and necessitate expense of cutting in 
order to clear the land for planting of more valuable species. The hardwood 
species in the Shawnee units if protected from fire follow quickly in the 
ecological evolution after the transitional vegetation of sassafras and persim- 
mon. However, if the hardwoods in this region are protected they will 
reproduce prolifically and better commercial types gradually increase. 

With the control of fires natural propagation will be a great asset to 
the project. About two-thirds of the 471,000 acres to be purchased in thé 
Shawnee units have a fair stand of second growth, or will have if properly 
thinned and protected from fire. From the standpoint of reseeding and 
transplanting, this natural propagation means a great saving. The natural 
seeding of the trees for transplanting will supplement artificial seeding 
methods as much as possible. In this way nursery costs will be reduced. 
In Union county, for example, by keeping fires out of an area for three 
years, the management has protected from two to three million fine seedlings 
which can be transplanted in a few years. 

Because of the lack of 4 snow blanket, and because of the dry periods 
in summer, the occasional drought, together with the too prevalent practice 
of “burning” by the farmers, and the lack of an informed public, fire hazzards 
are large. The farmers of the region, both in the spring and fall, burn 
over parts of their land with little care whether the fire stops on their land 
or not. They have a naive, almost religious philosophy that burning over 
the ground is beneficial to tree growth. Thus a high per cent of the trees 
which appear to be commercial timber are fire scarred. Insects and animals 
also take advantage of these fire scars so that numerous trees are gutted 
before they reach cutting age. . 

Fire, moreover, not only destroys part of the wildlife, but what little 
escapes its ravages has its food, water, breeding grounds, and places of 
shelter destroyed. 


PROGRESS AND FUTURE 


Most of the money and time expended thus far has gone for administra- 
tive purposes. First, the land had to be optioned, approved and bought. 
Then, roads and trails had to be improved and fire lanes marked. Lookout 
towers, telephone lines, bridges and new roads had to be constructed, and 
equipment for construction purposes, fire fighting, erosional control and 
reseeding and transplanting purchased. 

By May 1, 1937, the government had purchased 63,000 acres and in 
addition had optioned and approved 153,000 more. By this date, it had also 
seeded 2,580 acres and planted 1,360. 

From the standpoint of wildlife, a game survey has been made. Wild- 
life water ponds one-half to one-fourth an acre in size have been constructed 
and more are under way. Twelve deer, thirty beaver, and a large number 
of wild turkey have been liberated. 

The 1937 and 1938 program calls for the seeding and planting of four 
million trees per year. 
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An Inland Inundation 


Clarence Bonnell 


Harrisburg Township High School, Harrisburg, Illinois 


Harrisburg, Illinois, is at the western extremity of a glacial lake bed 
which lies between that city and Shawneetown and in which flow the lower 
courses of the Saline River and its tributaries. This ancient lake bed is 
but little elevated above the normal stage of the Ohio. 

The Saline River enters the Ohio a short distance below Shawneetown. 
Due to the extension of the Illinois Ozarks into Kentucky, the Ohio is 
confined to a narrow valley from the outlet of the Saline River to below 
Golconda. This “bottle neck” through the hills is part of the cause of grief 
to the up river inhabitants, since it slows up the current, causing the 
water to pile up above. ° 

The situation at Harrisburg is further complicated by an overflow from 
the Wabash River. When the Ohio is very high, the Wabash sends part 
of its water westward over low lands to the northwest of Shawneetown and 
into the Saline River valley. This increases the back water flow up the 
Saline. This situation caused Harrisburg to experience more than a foot 
of back water above the peak at Shawneetown. Fortunately for Harrisburg, 
little rain fell in Saline County during the flood period, that is, after the 
headwater preceding the main flood had receded. In other words, the Saline 
River is so far down the Ohio valley that the headwater from it had gone 
out before water from far up the Ohio had come down. 

The main business and residence section of Harrisburg is on what 
was originally called “Crusoe’s Island,” and surrounded by swampy areas 
in the early days. Another island section lies to the southeast. Ridge 
lands are southwest and west. A considerable portion of the city is on 
the ridge south and west, being separated from the “island” only by lower 
ground which had never been flooded before, but which at its lowest point 
had water eight feet deep on February 3, 1937. It was over this flooded 
district that supplies, including food, water, and some fuel were transported 
by boats from the mainland to the “island” for more than two weeks. Goods 
of all kinds could be brought to the mainland from the west by trucks 
throughout the entiréd period. The Township High School on the mainland 
became a refuge camp and feeding depot conducted by the high school 
faculty. A grade school building on the same side of the water was used 
as official headquarters for handling incoming supplies, and as a port of 
embarkation for the “island”. 

The fertile level areas lying about the older and central portion of 
the city had become occupied by numerous residences as the city grew. 
These included many modern homes on paved streets. The pumping and 
filtering plants of the water works system, the gas supply vlant, the rail- 
road depot and extensive yards, and the shafts of three large coal mines 
lay within this area. One of these mines was flooded. The other two were 
saved by sand bagging. 
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The 1913 flood had been serious over much of this low ground, but 
the citizens of Harrisburg at that time cared for all refugees without any 
outside help. Many homes were put on higher foundations following that 
record breaking inundation. It was unbelievable that any rise of water 
could exceed that one. So when warnings of still higher water came this 
year the people in the low ground scaffolded up their belongings or de- 
pended on the greater elevation of their homes to save them. When the 
water rose so that the danger could be seen, there were no places to 
take household goods, and trucks were not available or could not reach 
the houses then surrounded by water. The eight foot rise above the 1913 
mark got up to the scaffolding; and pianos, dressers, etc. toppled over. 
City water lines had not been shut off. Some few houses floated and broke 
loose from water pipes. Others had water pipes frozen which burst so 
that it was difficult to resume operations of the water plant when the water 
was going down. 

It was fortunate that no severe cold weather came. There was some 
ice but never enough to stop boats to the mainland. One stormy day when 
the water was the highest, strong winds set up high waves that did much 
damage to partially submerged fences and buildings in the country. The 
reaction from a wave crest burst out the sides of buildings and rows of 
shingles on roofs in exposed places so that the approximate water level on 
that day can be told by the missing siding or shingles. There was little 
current. Only small buildings, oil tanks, etc. floated, mostly with the 
wind. Many small buildings would have withstood the flood but were burst 
asunder by the waves. 

With eleven stations above Cairo in the Ohio valley reporting an average 
of over seventeen inches of rain during the first twenty-five days of 
January, the flood can be attributed primarily to abnormal rainfall the 
recurrence of which may not happen again within the life time of those 
now living. There will, at Harrisburg, be a gradual shifting to higher 
ground which is available within and near the present city limits. Warn- 
ings will be heeded in the event of other floods so that losses of property 
can be greatly reduced. 

It would be possible to build a levy across a narrow part of the Saline 
valley near the east edge of Saline county with gates in the river to per- 
mit head waters to get out at normal times and prevent the flow of back 
water, but the problem of pumping head water out, if such should come 
at a time of back water, presents a difficult engineering question. A levee 
could be built on the low grounds immediately outside of Harrisburg but 
the cost might be prohibitive when compared with the benefits to follow. 
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Land Tenure in the Llanos of Venezuela 


Raymond E. Crist 
University of Illinois, Urbana, Illinois 


Two motives drove the Spaniards to exploration and conquest in the 
New World: the quest for gold, and the desire to add new members to the 
Roman Catholic Church. Hence those regions conquered by the Spaniards 
were divided up into great landed estates (encomiendas) and given to the 
most illustrious for two generations (por dos vidas). The Indians living 
on the land at the time became serfs, forced to work for their white masters, 
who were to indoctrinate them with Christianity. This led to all sorts of 
abuses. The goal of all those possessing such a grant was to squeeze as 
much as possible out of the Indians in the form of labor before both they 
and the land reverted to the Crown. But very frequently estates did not 
return to the Crown at the end of two generations. Indeed, many of them 
still exist intact, controlled by lineal descendants of the Conquistadores. 

Economiendas were sometimes made to a man about to lead an ex- 
pedition into a region not yet explored. Such was the case in the Llanos 
of Apure and Zamora. Captain Ochogavia requested many rights and 
privileges in return for acting as leader of an exploration party on the 
Apure River. Some of the more important requests were: 

That in the river port to be founded, a custom house be established, 
a certain percentage of the receipts to go to the Captain and his heirs 
for three generations; 

That of the Indians subdued, the Captain should have one-fourth of 
them “en encomienda por tres vidas,” and that he should dispose of the 
others as he saw fit; 

That he be mayor of one or two towns that might be founded. 

In return for these privileges he would complete the exploration with- 
in one year, and bear all the costs. His requests were duly complied with 
by the Audiencia de Santa Fe de Bogota. It is to be noted that he de 
manded these privileges for three generations, rather than two. Thus the 
feudal system was transferred to the New World. Indians at first supplied 
the labor on the estates, but in many areas negro slaves were imported in 
great numbers—particularly to ranches or plantations on the lowlands. 

Boundary lines of the great ranches on the plains are notoriously 
vague. The estates are never fenced in, and are frequently so vast that 
the cattle on them become almost as shy as wild animals. Such an estate 
may be bounded by a river or other natural landmarks, or by a purely 
arbitrary line. Such vagueness has given rise to many difficulties. For 
instance, a grant of eight square leagues between two rivers may, when 
surveyed, be much larger, yet the holder of the grant feels entitled to it 
because of the boundaries specified. If there are less than eight square 
leagues between the rivers he insists that he has a right to more land 
beyond the natural boundaries. 

The series of revolutions has meant a lack of progress on the Llanos. 
The solitary rancher was powerless against the marauding bands which 
have scoured the plains from time to time since the wars of independence. 
The plainsmen are naturally reluctant to establish ranches and to build 
up great herds if some unprincipled individual—persona grata to the political 
clique in power—might appropriate them in time of peace, or some revolu- 
tionary faction do the same during a political upheaval. 
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Major Elements in the Geography of Puerto Rico 


W. H. Haas 
Northwestern University, Evanston, Illinois 


The geography of Puerto Rico cannot be understood without an appre- 
ciation of the people’s cultural outlook. Even after nearly forty years of 
separation from the mother country, their point of view is still more Spanish 
than American. This, however, is not strange as the Island has always 
been more intensely Spanish than any other part of Spain’s vast colonial 
empire. For this reason, perhaps, Puerto Rico always was the favorite 
child of Spain and the loyalty shown in return by this, the favored daughter, 
was a matter of just pride to the mother country. Because of its position 
the island was looked upon by Spain as an outpost, strategically located 
for protecting and controlling the other possessions. The island was looked 
upon as the key to an enormously rich colonial empire and was guarded 
accordingly. Even far off Mexico had to help in situados, annual assess- 
ments, up to the time of the Mexican Revolution in order to build up the 
second strongest fortress in the New World and to help cover expenses for 
outfitting new expenditions. 

In the most troublous times for Spain, roughly from 1810 to 1820, when 
through one successful revolution after another this vast South American 
empire was crumpling away into dust, Puerto Rico remained most loyal. 
This continued loyalty of the people of the island, even under the most ad- 
verse circumstances, is a striking’ anomaly in Spanish colonial relations. For 
this loyalty Puerto Rico was well rewarded, or perhaps it was this special 
consideration in superior treatment that kept the Puerto Ricans so loyal. 
Be that as it may, during this period of a shrinking empire the people were 
granted in 1815 what may be considered a special Bill of Rights. Though 
much less publicized in history than that of England and much less in- 
fluential in later history, this Cédula de Gracias with its 33 articles was for 
its day like a proclamation freeing an Island people from slavery. It was 
a most amazing document of liberality, so unlike Spain’s attitude toward her 
other colonies. 

Again on February 9, 1898, just before the Spanish-American war, Spain 
granted to Puerto Rico La Carta Autonémica, another Bill of Rights, which 
gave the people practically complete autonomy, the thing they had worked 
and prayed for these many, many years. This hardly had gone into effect 
when world events over which Puerto Rico had no control, changed all. Only 
six short days after the principles of the Carta Autondémica had gone into 
effect the American Battleship Maine was sunk in Havana Harbor. On April 
25, 60 days later, congress declared war on Spain and on May 12 Samson 
bombarded San Juan the capitoi of Puerto Rico. On July 25 the first Ameri- 
can troops were landed at Guanico, on August 13 hostilities were suspended, 
and on October 18 the official transfer of the Island took place. Thus in the 
short period from February 9 to October 18, 1898, all that the people had 
hoped for and had so joyously received was swept away because of a war 
in the cause of which they had no part and in which they had no home in- 
terest. It is not surprising that they say: “With the wind that unfurled 
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the American flag, Puerto Rican liberty was swept from the Island.” In 
their congressional discussions, at the present time the United States is 
never referred to by name but as the invador, invader. It may readily be 
appreciated that American control had a most inauspicious start. 

The change of sovereignty did change the form of government, from 
a Latin to an Anglo-Saxon form, but it did not add any new resources, or 
change the cultural outlook, nor did it add any wealth, economically or 
strategically, to the United States. Under such conditions the question 
naturally arises, can a foreign power enforce successfully, under democratic 
institutions, a form of government not to the liking of a people with a 
totally different outlook? It seems anomalous that a people who fought for 
and gained independence should try colonial control of an arbitrary sort 
and to curb like efforts for autonomy. Changing the form of government 
does not change a people’s outlook or ambitions. The Puerto Ricans are 
still Spanish minded, not American, and the only hope for loyalty is when 
they of their own free will have chosen to be a part of the United States. 
The millions upon millions of dollars of American money spent on relief 
has not changed the situation one iota. Last autumn the chief of police 
was assassinated. This spring sixteen people were killed in Ponce and a 
host of others wounded in a Nationalistic demonstration, and on Easter 
Sunday troops parading the streets of Mayaguez prevented another outbreak. 
What solution is there? Have geographical studies anything to offer? I 
think so. That form of government is best which helps people to help solve 
thefr economic problems most effectively. These problems are rooted in 
very material things. Geographic studies can offer the premises from 
which correct conclusions may be drawn. 

The problem of the poor rooted in the soil is a most serious one. The 
island truly “seethes with misery” because of this poverty. Six or ten 
or even more people may live in a windowless hut, not more than twelve 
feet to a side. There is no bed, no chair or stove in such a home. Over 
large areas on the island there is not a single inclosed latrine. Bush- 
covered, the hillside affords the only toilet facilities, and with each rain 
the streams become polluted. Chlorinization of all streams is impossible 
and typhoid outbreaks are common in spite of the vigilance of the sanitary 
department. Many a workman before sunrise trudges to work, when there 
is any to be had, with only a cup of coffee for breakfast, eats a little cold 
rice and a small piece of codfish at noon, a little more rice and coffee at 
night, then goes to sleep, not to bed, in the same clothes he wore during 
the day, and rises again the next day to repeat the performance for less 
than one dollar per day. No nation can hope to prosper where three- 
fourths of the population is so dreadfully poor. At one time during the 
depression nearly 90% of the people were on the government payroll, mostly 
in the form of relief, this under the rule of the richest nation on earth. 

This great poverty is largely the result of the scarcity of food crop land. 
The food crop acreage to feed one and three-quarters million peopje is ab- 
surdly small: 70,000 acres in corn; 48,000 in yams and sweet potatoes; and 
41,000 in beans. Not over one acre in ten of the island’s 2,176,000 acres is 
given over to food production, and the poorer land at that. This means that 
each acre is expected to supply seven to ten people with food. The land 
needed to supply a decent standard of living, according to the U. S. Depart- 
ment of Agriculture is, roughly, two and a half acres per person. On this 
basis the people have only a twentieth or twenty-fifth of the needed amount. 
In cases of this kind food must be imported, but imported food is expensive 
and when there is no money the only alternative is to do without. The 
United States is looked upon as the wealthiest nation in the world with 
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seven percent of the people having about 45 percent of the world’s wealth. 
Do not these million or more American citizens, with rarely enough to eat 
at any time offer a serious problem, as well as a challenge to our general 
point of view? 

The growing of sugar is a strange problem. Although the most profitable 
money crop, it is far from being the most profitable crop for the people of 
the Island. With the transfer of possession the Island was placed within 
high tariff regulations. Sugar entered the United States free, at an ad- 
vantage over other competitors. In addition to freedom from tariff regula- 
tions, was also the element of nearness to the greatest sugar consuming 
market. American investors were not slow to realize that fortunes were to 
be made from sugar in Puerto Rico. All sorts of intermediaries were used 
in buying up all land suitable for cane growing. At first land was bought 
at normal or sub-normal prices as many land owners had little faith in the 
future of the Island under American control. Soon those who held out were 
offered twice or even twenty times what the land owner thought the land 
actually was worth. The land owner sold, feeling assured that the land 
boom would collapse and he then could buy back the land at his own price. 
That time never came. Sugar cane has taken all the flat coastal lands and 
is reaching out over the low hills into the interior. 

The problem which in a measure overshadows all others is the extra- 
ordinary increase in number. The Island was already over-populated when 
it came into the possession of the United States. At that time there were 
953,000 people, a little short of a million for 4400 square miles of mostly 
mountainous terrain. The number rose to 1,110,000 in 1910; 1,300,000 in 
1920; 1,544,000 in 1930; and 1,725,000 in 1935. In other words, in 35 short 
years the population nearly doubled when the doubling rate for the world 
is roughly 60 years. There is not only this terrific increase but the rate of 
increase has been growing. From 1920 to 1930 this rate per annum was 1.69 
percent but from 1930 to 1935 the rate rose to 1.95 percent per year. [Ex- 
pressed in another way the density per square mile rose from 200 in 1899 
to 330 in 1910, to 382 in 1920; to 454 in 1930; and to 507 in 1935. As there 
are practically no immigrants, the growth is due almost wholly to excess of 
births over deaths. With a birth rate that has no relations to possibilities 
for making even the barest living, the future for the young, especially, is not 
particularly promising. Emigration thus far has not proved successful. In 
an area with two people where only one should be and with the number 
increasing so rapidly, making two blades of grass grow where only one grew 
before, even if this were possible, cannot give a permanent solution to the 
problem. 

These and a host of other problems are clamoring for solution. Solu- 
tions cannot be worked out on the Island. They are a function chiefly of the 
American government. Whatever plans are made they must include the 
development of a land-owning middle class with more favorable conditions 
for the accumulation of local capital. Whatever plans are made for the 
rehabilitacién de Puerto Rico more understanding of fundamental conditions 
and less politics must be brought to bear in the solutions suggested. The 
people must be taught also that when four grains of sugar are necessary to 
keep four ants alive a certain number of days, eight ants will require twice 
the sugar or else some must do without or all must die. 

Education, directly or indirectly, may be the solution in curbing this 
wild propagation of human beings into a world which can offer little other 
than poverty and misery to the newborn. The educational advances made 
under America’s direction reads like a fairy tale, but it should be remem- 
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bered that due to poverty the third and fourth grades are still the upper 
limit for by far the greater number and that many children still never see 
the inside of a schoolroom because there are no schoolrooms for them to see. 

In conclusion, a study of the physical features, the climate, and the 
general resources of Puerto Rico is meaningless without a Jarger point of 
view. A geographic study must not neglect the effect upon the people. A sta- 
tistical study of the island since American occupation may be made to read 
like a fairy story of great success. The economic progress made is truly 
phenomenal, but the welfare of the vast majority of the people has not been 
improved; if anything it is worse. The island is mountainous, poor in re- 
sources. Sugar, due to tariff advantages, has become a highly profitable 
crop on the good, flat lands. Food crops as a result have been crowded back 
into the hills, grown on unusually steep slopes. These tropical hill slope 
soils are thin, highly leached, the grower too poor to buy fertilizer, and the 
yield abnormally low. With such a very dense population there is not enough 
food to go around. - Bordering these hill slopes of poverty, ignorance, super- 
stition, and misery are the rich, dark-green cane fields producing a “white 
gold” for investors in a foreign land, ignorant of the hardships and sufferings 
this income brings to another people, also American citizens but on a neigh- 
boring island. It is always relatively easy to find fault but infinitely hard 
to find even a semi-workable solution. To attempt to outline a course of 
action is beyond the scope and time of this paper. Too often, however, such 
solutions have a political rather than a geographic background, a senti- 
mental rather than a factual approach. 
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Colfax—A Corn Belt Village Trading Center 


Clarence Burt Odell 
University of Chicago, Chicago, Illinois 


AN ABSTRACT 


Villages are essential and dynamic parts of the cash-grain section of the 
Illinois Corn Belt. They serve definite needs of the agricultural communi- 
ties—each village acting as the center of a farming community. The activi- 
ties of the villages show that farmers and villagers live and work in a close 
functional association. In recent times, with the development of highway 
transportation and other modern facilities, this functional association has 
been modified notably. The study from which this paper is derived is con- 
cerned fundamentally with the functional pattern of a group of villages in 
a selected area of the Corn Belt. This paper presents a portion of an in- 
tensive survey of one of the villages in the area designated in the study as 
the East McLean Area. This area is located in Central Illinois in the eastern 
part of McLean County, and is composed of seven townships, each includ- 
ing a small village with a population over 100 and less than 1000. The East 
McLean Area covers 236.17 square miles, has a total population of 7,044, of 
which 40 per cent are in the seven villages. The area is characterized by 
high land values and high crop yields and is indeed a highly productive 
section of Central Illinois. In .this paper the results derived from an in- 
tensive survey of the largest of the seven villages are given as a portrayal 
of the functional pattern of a well rounded village trading center in the 
cash-grain section of the Illinois Corn Belt. The complete study consisted 
of a survey of a total of fifty-eight villages, of which twenty-three were given 
special study and seven were studied minutely. This village, Colfax by name, 
is one of the seven. 

The setting of Colfax is that of a great agricultural region—the cash- 
grain section of the Illinois Corn Belt. The land lies broadly level but has 
long gentle slopes which emphasize its level qualities. In most places the 
country side appears to be under complete cultivation with about four farm- 
steads on each square mile. With their white frame houses and red barns 
the farmsteads seem to be as much an expression of cultivation as are the 
well tilled fields. Ribbons of highways, dotted about every two miles with 
white frame school houses, emphasize the rectangularity of the occupance 
pattern. Small villages with their buildings and trees rise prominently out 
of the farmed areas which they serve. They are brought into alignment by 
the railroads along which they are spaced. Conspicuous grain elevators sug- 
gest the intimate relation of village and country. Every village has an ele- 
vator though every elevator siding has not become a village. The two ele- 
ments, farms and villages, thus make up the landscape picture of this Middle 
Western and Corn Belt scene. 

The village of Colfax, with a population in 1930 of 803 persons, is located 
twenty-six miles from Bloomington. It was platted and incorporated in 1880 
during the building of the railroad, and was the terminus for a few years 
before extension was made to Bloomington. The incorporated village is 
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roughly a square, but the area utilized for village purposes has a very irregu- 
lar boundary. The railroad extends through the village in a straight east- 
west direction and roughly bisects the village. The business district is 
localized near the center of the village with the main street parallel to and 
a half block from the railroad right of way. Wood, brick, and concrete 
blocks are utilized for the business district forms, whereas wood is the dom- 
inant construction materiai for residential forms. Of the 264 houses 98 per 
cent are wood. The percentage of good quality houses in the large house 
group is larger than the percentage found in medium or small sized groups. 
The medium and small size houses are largely poor or medium in quality. 
The activities of Colfax have the variety of a well rounded village trading 
center. There are thirty-one retail or wholesale distributing establishments, 
ten establishments collecting farm products, and twenty-eight personal service 
establishments. The last group are of great importance in attracting people 
to the village but are of little importance in attempting to accurately estab- 
lish service areas for the village. In addition to these, public service estab- 
lishments serve definitely and usually arbitrarily selected areas with little 
or no overlapping occurring with neighboring agencies. Village service areas 
vary in intensity of usage from the completely served high school district 
of approximately two townships to the variable and irregular area served 
by the local physician. Transportation services of Colfax show a decline in 
railway activities with a suggested increase of highway utilization as a prob- 
able causation factor. At least the use of trucks and automobiles has in- 
creased to the extent that improvements for all roads are the latest projects. 
In general Colfax, a corn belt village, serves a community of approximately 
two townships with a wide variety of functions. The service areas range in 
size from the village proper of a quarter section to the medical territories 
which include several neighboring villages. The community high school 
district is primarily important in establishing a trade territory. It serves 
as a definite link between the farms and the village. Colfax is indeed more 
than a township center and is of importance as a village trading center of 
the East McLean Area. It is probably not greatly unlike other village trad- 
ing centers distributed over the tributary areas of Central Illinois cities 
which in turn focus upon metropolitan regional centers. 
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The Geography of Strathallan, Scotland 


Jane E. Paterson* 
Bristol, England 


Strathallan consists of the drainage basin of the Allan, a small tribu- 
tary of the River Forth in the Central Lowlands of Scotland. The valley is 
fourteen miles in length and twelve miles in width and is drained west- 
wards to the Forth. It is bounded by hills rising to 3000 feet above mean 
sea-level: on the north the Braes (or Hills) of Doune part of the Scottish 
Highlands and on the south the Ochil Hills. Strathallan’s position is very 
important for it is the central section of a corridor of lowland which links 
East and West coasts of Scotland. Though the word Strath signifies a wide 
valley, Strathallan is narrower and more upland in character than the Vale 
of the Forth to the West, or Strathmore to the East; but it is continuous 
with both. The highest portion of the corridor is the divide, 430 feet above 
mean sea-level, which separates Strathallan and Strathmore. 

In many ways Strathallan may be regarded as typical of rural Scotland. 
It illustrates very clearly the effect of such geographic factors as accessi- 
bility, relief, soil and climate on man’s activities. 

Structurally, Strathallan is a synclinal trough composed of Old red sand- 
stone rock which is deeply buried under glacial deposits. The hill slopes 
above the 700 feet contour are covered with boulder clay or “till.” Below 
this level glacial melt waters have sorted out the drift into heaps of gravel 
and sand, providing very light and ‘infertile soils. The uneven surface adds 
to the difficulties of agriculture. “The riddlings of creation” a local farmer 
described his land. 

The farms and wayside villages of Strathallan are very old. Many of 
them have descriptive names. The prefix “drum” meaning a ridge, is very 
common as are other names suggesting the hummocky surface. “Hungry 
Hill” is the name of a farm on a glacial knoll. On a bleak, exposed portion 
of the Braes of Doune is an isolated sheep farm, “Cauld Hame” meaning 
Cold Home. ‘ 

The climate of Strathallan is maritime. The average temperature for July 
is 57° Fahrenheit, and for January 34°. Except for the Southwestern regions 
Strathallan does not receive much sunshine. The ripening season for crops 
is late and there is a possibility of frost in June. 

The valley lies open to the prevailing West winds. The landscape is 
bare and treeless except in a few sheltered tributary valleys. Rain occurs 
at all seasons. The average annual total is 48 inches. 

The conditions of soil and climate are such that grain cannot be raised 
as a money crop. Oats, potatoes, turnips, hay, are raised chiefly as fodder 
for livestock. The cultivated area is confined to a narrow strip of land along 
the valley floor. Since in recent years sheep farming has been more profit- 
able than arable farming, most farmers have some of their land in perma- 
hent pasture. The Blackface Sheep, a hardy breed, valuable for the quality 





* On the Bloomington, Illinois, High School faculty, 1936-37. 
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of its mutton, lives successfully on the heather moorlands to the North and 
South. The pasture of Strathallan, however, is not of a quality suitable for 
dairy cattle. 

In two respects the lateness of the season in Strathallan has been put to 
good account. The rather rigorous conditions make the cattle raised here 
hardy and healthy and therefore desirable for fattening purposes. Farmers 
in more favoured localities in Britain also get their supplies of seed potatoes 
from Strathallan because the late maturing varieties are free from degenera- 
tion diseases, and the sandy soil of the valley is very suitable for them. 

Strathallan’s location has always been of fundamental importance to its 
prosperity. It is in close contact with the Highlands to the North and with 
all parts of the Central Lowlands. Main highways and railways pass 
through it. In early days when domestic economy prevailed the accessibility 
of Strathallan was a disadvantage since farms and villages were at the 
mercy of pillagers and invaders. The Romans built a permanent camp in 
the Strath. Other reminders of past conflict are Tumuli, Celtic Forts and 
place names. The Battle of Sheriffmuir was fought in 1715 on the North- 
West of the Ochils in the first of the Highland Rebellions. “Tighnablair”, 
the name of a farm signifies the “House on the Battlefield”, and another 
“Blairmore” means the Great Battle. 

When peace was established the inhabitants of Strathallan became inter- 
ested in maintaining good roads. Tolls were levied for this purpose. Local 
industries flourished such as the tanning of leather, weaving, brewing, the 
mranufacture of ink and potato starch, since there was abundance of water 
power from the Allan tributaries and good communications. But Strath- 
allan’s industrial prosperity did not survive the Industrial Revolution. Popu- 
lation after 1861 drifted towards the newly created factory towns on the 
coalfields to the South. Many mills and hamlets of the Strath have been 
deserted. The stage coach with its multiplicity of needs, disappeared. To- 
day some 150 trains pass through Strathallan. Only 10 of these stop at the 
wayside stations. On the roads “petrol” stations replace changing houses 
and hotels. Only two of the villages in Strathallan have been able to profit 
by the new industrialism by becoming holiday resorts, owing to their situa- 
tion in the most picturesque and sheltered portion of the Strath. The re- 
maining villages cater chiefly to the none-too-prosperous farming communi- 
ties around. Good game and fishing have attracted wealthy industrialists to 
become landowners. Farmers have security of tenure and the freedom to use 
their land as they wish, but they are restricted in their efforts by difficulties 
of climate, soil and a fluctuating market. As in many other parts of Scotland 
farmers can only hope to prosper so long as they maintain the fertility of 
their land hy careful husbandry and at the same time concentrate on the 
production of those things which are least affected by foreign competition as 
for instance poultry, cattle, sheep, potatoes and fodder crops. 
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PAPERS IN GEOLOGY 


Extract From THE Report oF THE SECTION CHAIRMAN 


The program of the Geology Section carried eighteen papers, of which 
ten are here represented. The others are: 


The Glacial History of the Rockford Region, by M. M. Leighton, State 
Geological Survey, Urbana. 

Tazronomy of Mississippian Productidae, by A. H. Sutton, University 
of Illinois, Urbana. 

The Megacycle, a Complex Rhythm in Pennsylvanian Sediments, by 
Harold R. Wanless, University of Illinois, Urbana. 

The Seed Habit in Paleozoic Plants, by James M. Schopf, State Geo- 
logical Survey, Urbana. 

Small Spores Obtained from Maceration Residues of Coal, by Charles 
J. Hoke, University of Illinois, and James M. Schopf, State Geo- 
logical Survey, Urbana. 

A Method for Examination of Coal Dusts, by C. C. Boley, State 
Geological Survey, Urbana. 

Value of Micro-Geology in Economic Deposits and Research, by V. A. 
Latham, State Microscopical Society of Illinois, Chicago. 

An Extension of the Driftless Area in Northeast Minnesota, by W. 
Farrin Hoover, University of Illinois, Urbana. 


Average attendance at the meetings was thirty-six. 
Clarence Bonnell, Harrisburg*Township High School, Harrisburg, Illi- 
nois, was elected chairman of the 1938 meeting. 


(Signed) L. E. Workman, Chairman 








ee a a” oe ee. oy 


















Geology—1937 Meeting 


The Physiography and Surficial Geology of the 
Carlinville Quadrangle, [llinois* 


John R. Ball 
Northwestern University, Evanston, Illinois 


The Carlinville quadrangle is located in southwestern Illinois about 20 
miles south of Springfield. It is one of the five quadrangles in this part of 
the State which have been mapped geologically. It is near the western edge 
of the Illinois coal field and the Herrin (No. 6) coal which is at depth in 
the quadrange and crops out in the adjacent quadrangle to the west. (See 
Fig. 1.) 

The upland surface is impressively flat and the divides are relatively 
broad between the stream valleys. The higher elevations of 690 to 700 feet 
are in the northwest part of the quadrangle, and from that level the till 
plain descends gradually to altitudes of 620 to 630 feet above sea level west of 
Carlinville. The streams crossing the quadrangle rise in the Jacksonville 
moraine, the divide between the Sangamon and Mississippi River basins. 
The streams have a dendritic drainage pattern but in several areas the 
valley development is somewhat anomalous to the dendritic plan. Sugar 
Creek, in Shaw Point township, is in a valley parallel to that of Macoupin 
Creek but its waters move in a direction opposite to the flow of that stream. 
Macoupin Creek, where joined by Sugar Creek, is deflected almost at a right 
angle to its course east of Coops Mound, but regains the line of that course 
through Carlinville township. Other streams, Hurricane Creek, Richardson 
Branch, and numerous unnamed tributaries fall into this pseudo-trellis 
drainage pattern. Cottonwood Creek, east of Sugar Creek, is another small 
stream whose course is directed against the regional slope of the entire area. 

It is thought that these anomalies reflect the glacial history of the region. 
Numerous broad, faintly defined linear depressions, more apparent in the 
field than on the topographic maps, probably exert some degree of control 
in the adjustments of the present valley development. And the trellis-like 
stream pattern, apparent in the Raymond quadrangle, probably is aligned 
with the movement of outwash from the Jacksonville moraine.’ 

The most commanding of the topographic features of the quadrangle is its 
impressive flatness. The Jacksonville moraine, crossing the northeast corner 
of the quadrangle, is low and inconspicuous. The slight elevations on its 
slopes tend to be elongate in the same alignment as the stream adjustment, 
previously described. Coops Mound, the most commanding elevation within 
the quadrangle, rises from 60 to 80 feet above the upland surface. Well 
weathered gravel in the base of the Mound and its elongate outline support 
the opinion that it is an esker.* Brushy Mound, six miles southwest of 
Coops Mounds, and several isolated hills farther east are elongate in a di- 
rection with the elongation of Coops Mound. Hills farther south in the 
Mount Olive quadrangle have more of a meridional elongation. 


* Published with the permission of the Chief, Illinois State Geological Survey. 
1Ekblaw, George E., personal communication. 
? Leighton, M. M., personal communication. 
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Probably the present drainage is modified to some extent by preglacial 
topography. The existence of a deep preglacial valley in the southeastern 
part of the quadrangle has been recognized in earlier investigations.* Com- 
paratively little erosion of the bedrock has been accomplished recently by 
the larger streams. It is thought that the lower part of the valley of 
Macoupin Creek and that much of the valley of Otter Creek lie in valley 
courses cut by preglacial streams. A test boring in the valley floor of 
Otter Creek in the NW¥% sec. 8, T. 11 N., R. 7 W., five miles east of Palmyra, 
penetrated glacial deposits for 106 feet before reaching bedrock. No ex- 
posures of the bedrock in the valley of Otter Creek have been discovered. 
Four outcrops in two of the tributaries of Otter Creek are known. By infer- 
ence, then, a preglacial valley of considerable magnitude is followed by 
Otter Creek. Recent mapping by Mr. Buhle, by electrical resistivity methods, 
has disclosed the probability that another still larger preglacial valley lies 
between the valley of Otter Creek and the preglacial drainage lines of the 
southeastern part of the quadrangle. 

Investigations by MacClintock, Wanless, Bell and others have disclosed 
that deposits of the Nebraskan ice sheet and the associated interglacial de- 
posits extend over parts of western Illinois as far south as Winchester. Mac- 
Clintock has located two instances of Kansan drift in the Carlinville quad- 
rangle.* Several other localities afford evidence of probable or doubtful 
pre-Illinoian deposits. The several deposits that indicate probable Kansan or 
Yarmouth age of material are described in summary as follows: 

Leached and deeply weathered tills are in and near the city of Carlin- 
ville. The first location is in the clay pit of the Carlinville Tile Company 
in the southern part of the city. Till, at least seven feet in thickness, leached 
except in the basal part, is gray, sticky and putty-like when wet, and con- 
tains a few pebbles of both basic and siliceous igneous rocks. The upper 
slopes are in a slumped condition but much of the till is thoroughly oxidized 
and there are local patches of leached till which may be representative 
merely of the soil profile in the Illinoian drift. 

Two and one-half miles east of Carlinville, in the NW% sec. 36, T. 10 N., 
R. 7 W., a till of variable thickness, ranging to a maximum of nearly twelve 
feet rests on the LaSalle limestone and is covered by about seven feet of 
Illinoian till. The lower till is leached and oxidized in the upper four and 
one-half feet, is buff to reddish brown and contains pebbles of chert and 
quartz. This deposit is cited by MacClintock as Kansan drift.’ 

Another instance of a possible pre-Illinoian deposit is a striated till in 
the SW¥% sec. 14, T. 11 N., R. 8 W., near the Duncan school in South 
Palmyra township. These were first noted by Dr. Needham in 1929 and the 
surface thus marked is again above the water of a temporary farm reser- 
voir, but the striae have been obliterated by standing water and the tramp- 
ling of cattle. The striae were on the slightly undulatory surface of a slip- 
off slope of a small stream, were uniformly spaced and about pencil length. 
If true striae, they possibly were made by the first Illinoian advance, or may 
mark a re-advance during that epoch. If a record of ice advance, the move- 
ment was in a direction south 46 degrees west. 

The remaining instances of probable pre-Illinoian deposits have in com- 
mon humus bands, tills or till-like deposits, silts and fossiliferous horizons, 
the fossils occurring either in the humus or in the silts. On the basis of 
fossil determinations, therefore, made by Dr. Frank Baker of the Illinois 


* Warren, W. D. P., Ground water supplies from preglacial valleys; Municipal 
and County Engineering, Vol. 62, pp. 184-190, 1922. 


*MacClintock, Paul, Correlation of the pre-Illinoian drifts of Illinois, Jour. 
Geol., Vol. 41, pp. 710- 722, 1933. 


® MacClintock, Paul, op. cit., pp. 718, 714, and 721. 
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Natural History Museum, the age of several of the deposits is regarded as 
Yarmouth. The Yarmouth humus and associated silts have so many similar 
features, that, in addition to locations, descriptive comments on all of the 
occurrences probably will suffice. 

Three of the localities are in the drainage basin of a single tributary to 
Otter Creek which extends through sections 9 and 16 of T. 11 N., R. 7 W., 
South Otter township. All occurrences are fossiliferous, but the humus band 


Fig. 1W—Topographic Map of the Carlinville Quadrangle. 
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is in only two of them. The remaining location in South Otter township 
is in the SE% sec. 10, T. 11 N., R. 7 W. The other occurrences, here men- 
tioned, are in North Palmyra, Carlinville and Shaw Point townships and 
with one exception are all fossiliferous. 

In two of these occurrences a considerable thickness of Illinoian till lies 
upon the Yarmouth and Kansan deposits. An exposure in the east wall of 
Sugar Creek, NE% sec. 30, T. 10 N., R. 6 W., Shaw Point township ex- 
hibits twenty feet of Illinoian till, associated with sand and silt, overlying 
the humus band and fossiliferous silt of the Yarmouth. At the base of this 
exposure is a till, seven feet in thickness, calcareous, and somewhat sandy, 
which is regarded as Kansan till. In this instance the Yarmouth deposits 
are about midway in the valley wall, somewhat in contrast to some of the 
other occurrences. 

The other example of a thick deposit of Illinoian till resting on the 
Yarmouth is in South Otter township. The Yarmouth deposit is peat, with 
about two feet of its total thickness rising in the valley wall and forming 
part of the valley floor. The peat has been explored by soil auger to a depth 
of five feet. On its surface a thin layer of molluscan shells contains a 
Yarmouth fauna. The Illinoian till, overlying, is about 20 feet thick. 

Another peat deposit, covered with thin till, is located nearly seven 
miles farther west in North Palmyra township. The peat here is thinner 
than in the South Otter township occurrence, is associated with a leached 
zone of considerable areal extent, but its stratigraphic relationship with sane 
leached horizon is not apparent. Fossils have not been observed. 

The remaining occurrences where humus bands are present are site 
similar. In association with one occurrence in South Otter township, SE%4 
sec. 16, T. 11 N., R. 7 W., certain aspects of the outcrop deserve additional 
mention. This is the other occurrence in the quadrangle cited by Dr. 
MacClintock.* The humus zone is present, of greater thickness than in other 
outcrops, mixed with sand, calcareous, and containing twigs and branches. 
Its fossils are delicate pelecypod and gastropod shells. The material under 
the humus, “till-like’’ in appearance, nevertheless presents several con- 
trastive features when compared with characteristic Kansan till. Its somewhat 
anomalous character has prompted the suggestion that possibly it is but a 
floodplain deposit of recent alluviation with its soil zone covered by slump 
material from the valley walls.* This suggestion is supported by the fact 
that in local areas active slumping is in progress. Where this slumping is 
the most pronounced, the local relief is about 70 to 90 feet in contrast with 
the lesser relief of 20 to 40 feet in the region under discussion. Decided 
slumping, however, is developed in a region of slight relief near the peat 
exposures in South Palmyra township where the differences in elevation 
range from 30 to 50 feet. Even in this vicinity, however, are small inclusions 
of green silts which are suggestive of lake silts.° 

The interpretations of Dr. Frank Baker in respect to the fauna of this 
occurrence obviously have a further bearing on the questionable character 
of the underlying “till”. He has observed that sediments bearing the mol- 
luscan shells“ ..... appear to have been laid down on a river floodplain, 
or near some stream of greater or less size.” This biological evidence fits in 
well with the geological picture of a pre-Illinoian surface of slight relief, 

® MacClintock, Paul, op. cit., pp. 713, 714, and 721. 

: Leighton, M. M., field comments. 


Ekblaw, George’ E., personal communication. 
* Leighton, M. M., personal communication. 
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crossed by the floodplains of either preglacial or pre-Illinoian streams and 
marked further by bodies of Standing water as evidenced by the peat de- 
posits. These conditions may have persisted through both Nebraskan and 
Kansan times, and the floodplain alluvium of these stream valleys may be 
the “till-like” material in some of the exposures. The tendencies toward 
the deposition of marls, supported by the presence of molluscan remains, 
may have been accompanied further by the precipitation of calcium car- 
bonate in the waters of ponds and floodplain depressions. The low-lying 
character of this area has been persistent enough through the Yarmouth 
epoch to preclude the development of the well-drained profile of weathering 
except in this part of the quadrangle. 
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A Study of the Stratigraphy and the Preglacial 
Topography of the DeKalb and Sycamore 
Quadrangles 


L. T. Caldwell 
Northern Illinois State Teachers College, DeKalb, Illinois 


This geologic study of the DeKalb and Sycamore quadrangles includes 
the collecting, compiling, and interpreting of the data from nine hundred 
and fifty well log records. These data made possible the constructing of a 
preglacial topographic map, an areal geologic map and two structural 
sections. 

Since there are no rock outcrops within the area, the field data were 
limited to well records. A total of nine hundred and fifty well records were 
collected, forty-six of that number were furnished by the Illinois State 
Geological Survey, three hundred and thirty-three were secured from farm 
owners and the remaining four hundred and twenty-one logs were taken 
from the records of well drillers. 

The preglacial topography of the DeKalb and Sycamore quadrangles was 
governed by two dendritic stream valleys which flowed to the southwest 
across the area. The Shabbona stream drained the DeKalb quadrangle and 
the Hinkley stream drained the Sycamore quadrangle. 

The Shabbona river flowed south out of the DeKalb quadrangle near 
Shabbona. It possessed a gradient of 3 to 5 feet per mile, and its lowest 
level was less than 500 feet above sea level. Its channel lay near the pre- 
glacial surface contact of the Galena and the Maquoketa formations. Its 
drainage divide to the west had summit elevations of 750 feet in the north- 
west part of the quadrangle and 700 feet in the southwest. 

The Hinkley river was located in the south central part of the Sycamore 
quadrangle. This stream had two main branches, one flowing south from 
the center of the quadrangle and the other flowing southwest along the 
south edge of the quadrangle. The writer has referred to these two branches 
in this paper as the Maple Park and Big Rock branches. The gradients of 
these streams avergged near 5 feet per mile in their lower courses with 
minimum stream bed elevations of 550 feet for the Maple Park branch and 
500 feet for the Big Rock branch. Their drainage divide summit levels varied 
from more than 800 feet above sea level in the north to 650 feet in the south. 

In large part, the bedrock relief of these two quadrangles is explained by 
preglacial stream erosion of rock strata of differing hardness and to a lesser 
degree by structural features. The existence of the preglacial Rock river 
near the west edge of this region may have made possible the high gradient 
streams and the parallel dendritic drainage patterns. The west half of the 
DeKalb quadrangle has its bedrock surface lying in the upper levels of the 
Platteville-Galena formation, making possible the flat divides and rather 
abrupt valley slopes. 

The lower horizons of the Maquoketa formation dominates the valley 
slope in the east half of the DeKalb quadrangle. Along the extreme east 
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edge of the quadrangle, the middle horizon of the Maquoketa formation 
consists largely of dolomite. Its superior hardness helped the valley slope 
to be steep. 

The northwest part of the Sycamore quadrangle contained the Niagaran 
formation which helped hold the softer upper portion of the underlying 
Maquoketa formation in position. Relatively steep slopes bordered this 
cap rock. The east half of the Sycamore quadrangle was covered almost 
entirely with a 25 feet to 30 feet capping of the Niagaran formation. Where 
the streams had cut through this resistant cover to the south and west, steep 
valleys were common. One valley south of Maple Park had a width of three 
miles and a depth of more than 150 feet. 

By and large, the main aerial extents of the formations were fairly easily 
determined. Certain localities, however, offered problems. For example: 
the patches of Maquoketa rock shown west of the Shabbona river and which 
rests on the Galena dolomite drainage divide, were suggested by well records 
in sections 20, 21, 4, and 5, Milan township, DeKalb quadrangle. The extent 
of these patches of Maquoketa were postulated by using known dip values 
and the bedrock surface contour map. Other problems of a similar nature 
encountered in the making of the areal map were dealt with in like fashion. 

The stratigraphy and structure has been determined from a study of 
approximately 25 deep well records with a fair geographical distribution 
throughout these two quadrangles. These wells vary in depth from 500 feet 
to more than 3000 feet. Thickness values for various Cambrian formations 
occurring here are as follows: Mt. Simon 1380 feet, Eau Claire 420 feet, 
Dresback 145 feet, Franconia 80 feet, and Trempealeau 551 feet. These 
Cambrian sediments were practically all sandstone with the exception of 
the Trempealeau, which was largely a cherty dolomite. 

The Ordovician sediments include the Prairie du Chien with a thickness 
varying from 55 feet in the west to 80 feet in the east. An unconformity 
occurs at the top of this formation. The St. Peter formation varies in 
thickness from 330 feet at Creston to 80 feet at Elburn. The Glenwood 
formation is largely a calcareous shale and is found at the top of the 
St. Peter. It varies in thickness from 95 feet in the west to 55 feet in 
the east. 

The Platteville-Galena formations are consistent in thickness and char- 
acter throughout this area, with an average thickness of 345 feet. 

In a few places in the east part of the region, the Maquoketa formation 
is shown with its full thickness of 127 feet. This formation has three 
lithologic types from bottom to top. The lower 35 feet is a soft black shale 
interbedded with dolomite, the middle 37 feet is a fairly compact dolomite, 
while the upper 35 feet is composed of a calcareous shaly dolomite. 

The Niagaran formation does not occur in its total thickness at any place 
in the two quadrangles 

Two geologic sections have been constructed to show the salient features 
of structure. The section on line A-B crosses the area on a line through 
Creston, Malta, DeKalb, Cortland, Maple Park, and Elburn. The section 
on line C-D crosses the area on a line through DeKalb to one mile east of 
Waterman. 

In general, the strata have a dip slope to the southeast. Two horizon 
markers were employed; namely, the top of the Glenwood and the base of 
the Maquoketa formations. The average dip of the Glenwood from Malta to 
Elburn, a distance of about 20 miles, is from 7 feet to 10 feet per mile. In 
contrast to this value, the average dip from Creston to Malta, a distance 
of 5 miles, is nearly 60 feet per mile. From the northwest corner of the 
region to the southeast corner, the change in stratigraphic levels amounts 
to 560 feet in a distance of 40 miles. 
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The Recent Impetus to Oil Prospecting 
in Illinois* 
George V. Cohee 
Illinois State Geological Survey, Urbana, Illinois 


The present “oil boom” in Illinois started with the extensive leasing 
program in Marion and Clay counties by the Carter Oil Company during the 
latter part of 1935 and the early part of 1936. In a short time many com- 
panies and individuals were taking leases in the Illinois Basin. Land was 
leased in large blocks for as little as 10 cents a year per acre for a period of 
ten years. 

In many areas leasing proceeded rapidly and without any attempt to 
secure geologic information. The major companies were more fortunate in 
that they were able to finance the operation of seismograph parties which 
could provide geophysical information bearing upon oil possibilities. 

These geophysical methods are especially necessary in examination of 
the Illinois basin as so much of the subsurface formation there is completely 
hidden by a thick cover of glacial drift. Even where bedrock is exposed by 
stream erosion, the formations usually consist of sandstones and shales 
which are very difficult to place in their correct stratigraphic position. And 
in the deeper part of the basin there has not been enough drilling to yield 
detailed subsurface information. 

Although the seismograph in many areas has given very satisfactory 
results in geophysical prospecting for structures favorable to accumulation 
of oil, and much can be said in favor of the results obtained by the torsion 
balance, magnetometer, and electrical resistivity in particular kinds of ex- 
ploration, still, geophysical surveys are only preliminary steps in the search 
for oil: after favorable structures have been located, drilling is necessary to 
determine whether or not oil is actually present. 

Two methods used in seismographing, this indirect but very important 
means for locating oil, are those of refraction and of reflection. 

The refraction method which was used in the Gulf Coast region until 
1930 for the detection of salt domes, consists of setting off a charge of dyna- 
mite with detectors arranged in a circle around the shot point. The radius 
of the circle is from 5 to 7 miles. As much as 500 pounds of dynamite is 
used for one shot. Velocities of the waves through the rock layers from 
the shot point to the detectors are computed. Extremely high velocities be- 
tween these points indicate the presence of high velocity beds or salt domes 
between the shot point and the detector. 

The reflection seismograph method is used in Illinois. It consists of 
setting off a charge of explosives at a certain point and having detectors 
called geophones placed at an accurately measured distance away from the 
shot to receive the ground vibrations. This distance is usually in the 
neighborhood of one quarter of a mile. When the detectors are jarred by 
the ground vibrations they generate an electric current which is in propor- 
tion to the ground vibration. This voltage is stepped up by the vacuum 


* Published with the permission of the Chief, Illinois State Geological Survey. 
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Fig. 1. This diagram shows field procedure in reflection mapping. The surveying 
crew determines the position and surface elevation of points where holes are 
to be drilled by the drilling crew. Soon after the shot holes are drilled, the 
dynamite charges of from 1 to 6 pounds each are set off and the recordings 
are made. The diagram shows the path of the vibrations from the shot to the 
reflecting limestone layer and to the geophones. (Published in “Seismic 
Prospecting in Exploration for Oil” (1) by courtesy of the Askania 
Corporation. ) 
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tube amplifiers. After sufficient amplification, the electric current goes to 
the oscillograph. In one type of oscillograph the vibrating element is a loop 
of fine metal ribbon in a magnetic field. The loop tries to rotate when the 
current is introduced in the magnet. At the center of the loop a tiny mirror 
is fastened upon which a strong beam of light is focused. . This beam is then 
reflected upon a moving sheet of photographic paper and records all move- 
ments of the mirror as a fine black line when the paper is developed. 

When the explosive is set off vibrations travel outward in all directions. 
Upon reaching thick rock layers, such as the lower Mississippian limestone, 
vibrations of less intensity are reflected to the surface. The distance between 
the shot point and the detectors is known, the velocity of the vibrations 
through the layers of rock down to the reflecting layer is known, the time 
elapsed between the shot and the reception of the vibration is recorded on 
the photographic film. With these values the depth to the reflecting layer 
can be calculated. The depths to certain key horizons in the area covered by 
the seismograph survey are plotted on a map and the subsurface contours are 
drawn. When the map is completed favorable structures for the accumula- 
tion of oil such as domes, anticlines, monoclines, and fault zones are outlined 
if present in the area. Figure 1 shows the operation of the seismograph. 

At the present time, April, 1937, there are 13 parties in the State. Two 
parties are operating in southwestern Indiana. The estimated cost of 
operating a party for one month is from 6 to 8 thousand dollars. The party 
includes surveying, drilling, shooting, and recording crews and totals twelve 
to fourteen men. 

*To date there have been four new oil fields discovered in Illinois: 
Bartelso, May 1936; Patoka, January 1937; Clay City, February 1937; Cisne, 
March 1937. The Patoka, Clay City, and Cisne fields were discovered on 
structures outlined by the seismograph. The Bartelso structure was de- 
scribed and recommended in Bulletin 20A published in 1912 by the Illinois 
State Geological Survey. The Patoka structure was shown as a high on 
coal No. 6 in State Geological Survey Bulletin 16, published in 1910. The 
recent discoveries have caused extensive exploration activities in southern 
Illinois. A map showing the area of best oil and gas possibilities in Illinois 
was drawn by Dr. A. H. Bell, Head of the Oil and Gas Division of the State 
Geological Survey, and exhibited by the Western Society of Engineers in 
Chicago, September 1930. The Illinois basin was then considered to be the 
most favorable area and is now the center of the recent oil “boom.” 

The new fields indicate that on similar structures throughout the basin, 
production is likely to be obtained. Much leasing and exchange of royalties 
have taken place where the recent “finds” have been made. It has been re- 
ported that as much as five hundred dollars an acre has been paid lJand- 
owners for one-half of their royalty which is one-eighth of the production. 
Oil companies and individuals who formerly were not attracted by the 
“play” are now taking leases and becoming interested in the possibilities of 
the Illinois basin. It is anticipated that this year will mark the most wide- 
spread drilling program Illinois has ever experienced. 

The writer is grateful to Dr. A. H. Bell, of the Illinois State Geological 
Survey, for helpful suggestions and criticisms of this paper. 
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Engineering Aspects of the Geology of the 
Vienna City Reservoir* 


George E. Ekblaw 
State Geological Survey, Urbana, Illinois 


During the latter part of 1936 the city of Vienna, in the southern part 
of Illinois, undertook to construct a dam to impound water for a municipal 
water supply. The dam obstructs the valley of McCorkle Creek, a tributary 
of Little Cache Creek, in the SE 4% NE %& sec. 3, T. 13 S., R. 3 E., just 
north of State Highway No. 146, about two miles east of Vienna. Examina- 
tions of the geologic situation at the damsite were made during early phases 
of construction. 

The valley of McCorkle Creek is relatively long and narrow. At the 
damsite the northwest wall of the valley is nearly vertical for about 30 feet, 
the stream channel is narrow, and the southeast wall of the valley is a 
gentle slope. Farther upstream the stream channel is less prominent and 
both valley-walls are moderate slopes. 

The Menard, Waltersburg, Vienna, and Tar Springs formations of the 
Chester (Upper Mississippian) series comprise the bedrock in the vicinity 
of the damsite and are covered generally by a mantle of loess so thin that 
outcrops are numerous. Dark-colored limestone of variable texture and 
containing some chert, comprising the middle member of the Vienna forma- 
tion, forms the northwest wall of the valley at the damsite but farther 
upstream it lies in the bed of the stream and extends across to the southeast 
wall of the valley. Excavation for the northwest end of the dam exposed 
beneath the limestone about 4 feet of dense, sticky, plastic,. gray, clayey 
shale (the lower member of the Vienna formation) with a layer of coal or 
coaly material 0-1 foot thick about a foot below the top. The lower part 
of this shale member, with another coaly streak near the base, is exposed 
along the upper part of the banks of gullies on the southeast valley slope. 

Along the northwest slope of the valley the limestone grades up through 
silty limestone with shaly structure, constituting the upper member of the 
Vienna formation, then through shaly sandstone into firm, thin-bedded 
sandstone several feet thick—the Waltersburg formation—overlain by the 
Menard limestone. The massive, well-bedded Tar Springs sandstone under- 
lying the Vienna formation is exposed in all the gullies along the southeast 
slope of the valley. Not far below the damsite the valley changes in 
character in that it is filled with slack-water deposits several feet thick 
which effectively conceal the bedrock, and the slopes are consequently 
modified so that the loessial mantle also becomes an effective cover for the 
bedrock. All of the formations dip or slope northwesterly at an appreciable 
angle that is roughly represented by the southeast slope of the creek valley. 

The course of the creek was determined and the development of its valley 
has been controlled by the character and structure of the bedrock forma- 


tions. Undoubtedly it originally started in the soft lower shale of the 


*Published with permission of the Chief, Illinois State Geological Survey. 
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Vienna formation which is less resistant than any of the subjacent or super- 
jacent strata. As the stream normally cut down, it encountered the more 
resistant Tiar Springs sandstone beneath the shale, and being able to erode 
the less resistant shale more rapidly than the sandstone, the stream migrated 
northwestward down the slope of the rocks, gradually deepening as well as 
widening its valley but being constantly “bottomed” by the sandstone. As 
it eroded the shale laterally it undercut the overlying limestone, of which 
blocks broke away, gradually slipped down into the stream bed, and there 
were eventually worn away by the stream. The softer silty limestone and 
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Fig. 1.—Part of Vienna quadrangle topographic map, showing location of dam for 
Vienna city reservoir, the limits of the contributing watershed, and areal dis- 
tribution of bedrock at damsite. M == Menard limestone, W == Waltersburg 
sandstone, Y = Vienna limestone and shales, TS == Tar Springs sandstone. 


sandstone above the Vienna limestone weathered back more rapidly than 
the limestone, creating a gently sloping shelf that extends back to the 
massive Menard limestone, which in turn forms a relatively steep slope that 
rises to the top of the valley and which is spotted with sinkholes created 
by subsurface solution of the limestone. 

In extending itself headward the creek happened to cross the limestone 
bed before it had deepened itself in the lower shale, so that in its upper 
course it follows the upper silty shale of the Vienna formation, also relatively 
less resistant, and at the present time this crossing of the limestone bed 
occurs where an east-west road crosses the valley a short distance above 
the damsite. As the stream migrated down the slope, it had a rubbly bottom 
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which was abandoned as the stream migrated, leaving a layer of rubble over 
the sandstone bottom. Tributary gullies crossing to the stream bear addi- 
tional rubble. The abandoned rubble was then covered by loessial silt, either 
as deposited directly by the wind or as washed down from higher positions. 

The geological examinations were made in the first instance to ascertain 
whether or not the rocks were of such character that appreciable leakage 
from the reservoir might be expected and if so, what might be done about it. 
Based on the available data and consequent interpretations, it was con- 
cluded that the bedrock would not offer any such hazard. It was found that 
some of the Vienna limestone along the northwest wall had become disjointed 
in blocks that were somewhat separated from the main mass and that 
there were some solution channels in it, but these all seemed effectively 
filled with clay, and whatever possible minor hazard they might offer could 
be easily removed by reasonable precaution in construction, such as remov- 
ing all loose blocks, flushing out soft fillings, and grouting. 

However, it was pointed out that a real problem existed in the probable 
presence of rubble in the bottom of the valley, as large amounts of water 
could seep through it under a dam built only on top of the surficial loessial 
silt and might eventually undermine and so destroy the dam. Consequently, 
it was recommended that consideration be given to extending at least a core- 
wall through the rubble down to bedrock. A channel excavated across the 
valley as one of the early stages of construction in line with the above 
recommendation confirmed its value, as there was exposed rubble through 
which flowed an amount of water sufficient that the question as to whether 
it might serve as an adequate supply was raised. This question was, of 
course, answered negatively, in view of the limited amount of rubble that 
existed above the damsite and could serve as a subsurface reservoir. 
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Exhumed Ordovician Hill Near Joliet’ 


D. Jerome Fisher 
University of Chicago, Chicago, Illinois 


If the bedrock map of the Joliet-Wilmington area’ be examined, it is 
seen that the eastward-dipping Richmond strata crop out in a belt about 5 
miles wide extending along the east flank of the LaSalle anticline from the 
north-northwest to the head of the Illinois River. With the exception noted 
below the belt here ends abruptly* due to overlap by Pennsylvanian strata. 
Presumably a pre-Pennsylvanian bedrock surface map‘ would show this belt 
extending about due south from here to the SE. Livingston-NW. Ford 
County boundary.’ The exception referred to above is the narrow belt of 
Richmond strata outcropping in the Kankakee valley (and tributaries 
Forked and Horse Creeks) from Warner Bridge at the Will-Kankakee County 
boundary® to a point two or three miles below Wilmington. The bedrock 
surface contour map* makes it reasonably certain that this patch of Rich- 
mond: owes its appearance to a trough-like low altitude belt and is of no 
structural significance." 

Quite different is the explanation for the crescentic-outlined mass of 
Richmond strata projecting northeast from the main belt from near Chan- 
nahon towards Joliet. The southwest prong and the north flank of this 
Richmond crescent owe their existence to a strip having a low altitude of 
bedrock surface, but just west of the center of the northeast prong Richmond 
limestone reaches an altitude of above 580 feet in the northern part of 
Channahon Mound (center sec. 3, T. 34 N., R. 9 E.) while the altitude of the 
water surface in the DesPlaines River one mile east of here is but 505 feet. 
In short, this part of the area is an exhumed Richmond hill. It is sur- 
rounded on three sides by Silurian beds at lower altitudes. The southwest 
boundary is at least in part a fault contact with dips up to 25° on the down- 
throw (southwest) side in basal Edgewood strata. In fact, the drop-off on 
this side is so fast that a half mile west of Millsdale is found an outlier of 
Waukesha’® dolomite, miles west of the main belt of strata of this age. 

More interesting however is the Ordovician-Silurian contact on the 
opposite (Joliet) side of this old hill. Fig. 1 is a view looking north in the 
Santa Fe R. R. cuts near the middle of the west side of the SE. 4 SE. %, 
sec. 35, T. 35 N., R. 9 E., on the southeast side of the DesPlaines River. It 
shows a bank about 8 feet high with southwest to the left, northeast to the 
right. The pronounced line indicated by arrows dipping down gently to the 
right running through the center of the figure is the Richmond-Edgewood 
contact, which here seems to be nearly a plane surface dipping 10° to N. 


~ 


75° E. The bedding of the Silurian (lower Edgewood) shaly dolomite is 


1 Published by permission of the Chief, ~~ 7 Geological Survey. 
2Illinois State Geol. Survey, Bull. 51, p. 192: 
* Contrary to ~~ Geologic Map of fhe United States, S. Geol. Survey, 1932. 
; Compare A, Levorsen in Bull. Amer. Assn. Petr. Geol? 15 (2), Pl. I, 1931. 
* Athy, L. F., ee Quadrangle. Ill. State Geol. Survey, Bull. 55, 1928. 
* Fisher, D. Jerome, Wilmington Quadrangle. Ill. a Geol. Survey Ms. 
™Compare map by D. Jerome Fisher in Bull. 55, p. 
8’ Age determination by L. E. Workman of the Illinois State Geol. Survey 
based on the study of insoluble residues. 
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parallel this contact. Below this angular unconformity the Ordovician 
(upper Richmond) shale carrying 2-inch argillaceous dolomite layers spaced 
8 to 12 inches apart dips in about the same direction at an approximate 5° 
angle.’ 

Because the two sets of strata appear to have approximately the same 
strike, it is possible to assume that but one epoch of diastrophism is repre- 
sented by considering that the basal Edgewood beds were laid down on a 
gently sloping (5°) hill surface of horizontal Richmond strata with a 5° 





Fig. 1.—Looking north at the Ordovician-Silurian contact, four miles 
southwest of Joliet. 


depositional dip and that later (Permo-Carboniferous?) all were tilted” an 
additional 5° to give the present attitudes. If in the future more detailed 
field work with better exposures shows that the strike of the two sets of 
beds is not the same, then it will be necessary to assume either two epochs 
of diastrophism or else that the Richmond shales were not horizontal as 
originally deposited here. 

The writer has observed upper Ordovician and lower Silurian strata in 
northeastern and north- and south-western Illinois and adjacent areas over 
a period of nearly 20 years and has never before found what may be called 
an unequivocal surface of contact where argillaceous Edgewood beds rest on 





*The plane of the section strikes N. 52° E. and the dip of the contact line in 
this plane is just over 9°. Laying a protractor on Fig. 1 so that the line marking 
the contact plane reads 9°, the dip of the Richmond appears to be but 2°. This 


' effect is due to foreshortening since the camera was not pointed perpendicular to 


the plane of the section. 

%” Walking 750 feet northeast aiong the tracks one crosses the trough of a 
syncline and the crest of an anticline, so that the “tilting” concept applies only 
to a very limited area as shown in Fig. 1. 
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Richmond shale carrying dolomite layers. Not only does this exposure 
establish the lithological differences marking that contact in northeastern’ 
Illinois, but it may be extending into the other areas mentioned, because 
associated with this contact is a phosphate-nodule-bearing horizon. This 
horizon, which is very widespread, marks the uppermost Richmond beds 
remaining in any area, but does not mark a stratigraphic horizon. Lenses 
of this nodule-rock occur stratigraphically both above and below the upper- 
most Richmond dolomite layer shown in Fig. 1 in the left and central por- 
tions respectively. At different places these nodules are found in shale, 
in siltstone, or in limestone, but they have never been noted except at the 
top of the Richmond. They are considered to be of residual origin, similar 
to that of many of the well-known phosphate deposits of the southeastern 
part of the United States. 

The conclusions reached in the present paper are to be regarded as pre- 
liminary and tentative and are subject to modification in connection with 
further detailed studies now in progress. 
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Pre-Cambrian Rocks of Central Colorado: Their 
Correlation by Means of Heavy Mineral 
Analyses 


Richard H. Jahns 
Northwestern University, Evanston, Illinois 


That part of the Front Range which forms the eastern margin of South 
Park, Colorado, is composed of three distinct rock types, all of pre-Cambrian 
age. The oldest of these, the Idaho Springs formation, is a series of highly 
metamorphosed sediments, and is intruded by granites of the Pikes Peak 
and of the younger Silver Plume batholiths. Because of difficulties in dis- 
tinguishing certain facies of the granites by the ordinary field and petro- 
graphic methods, an attempt has been made to find in their heavy mineral 
suites any peculiarities or outstanding features which might aid definite 
identification. The correlations of these Front Range intrusives with similar 
rocks in the Sawatch Range to the west, as studied by Stark and Barnes,’ 
were also tested by the same method. 

Study of twenty-two widely spaced samples has shown that both batho- 
liths bear essentially the same heavy minerals. Moreover, this similarity 
extends to individual peculiarities in the minerals, as, for example, the 
anomalous optic properties of the titanite and apatite in both rock types. 
Careful evaluation of the significance of each mineral encountered has 
focused attention on three “primary” species, apatite, zircon, and titanite. 
Each is an early crystallizing mineral, presumably unaffected by assimilated 
crustal material or by pneumatolytic action, and there most accurately repre- 
sents the batholithic magma at its time of emplacement. The frequency dis- 
tribution of two of these diagnostic minerals, zircon and titanite, presents a 
striking contrast between the Pikes Peak and Silver Plume granites. Titan- 
ite is relatively abundant in the former, zircon in the latter. Not only do 
these contrasting distributions appear consistent in all samples studied, but 
they are also characteristic of the similar rock types in the Sawatch Range. 

Although the detailed data necessary for definite conclusions are thus far 
lacking, it is suggested that quantitative studies of primary heavy mineral 
assemblages are of great value in the identification or correlation of out- 
crops of the Pikes Peak and Silver Plume granites in central Colorado, par- 
ticularly in those exposures near the contacts of the two batholiths. 


1Stark, J. T., and Barnes, F. F., The correlation of pre-Cambrian granites 
by means of heavy mineral analyses: Geol. Mag., vol. 72, pp. 341-350, 1935. 
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Identification Key for Illinois Plant Fossils 


A. C. Noé 
University of Chicago and the Illinois State Geological Survey 
R. E. Janssen 
University of Chicago 


A comprehensive treatment of this subject by the same authors will 
appear soon in a Bulletin on “The Fossil Floras of Galesburg and Col- 
chester”, to be published by the Illinois State Geological Survey. Keys are 
in general use for the identification of living plants, and can be profitably 
applied to fossil plants although the latter lack some nonpreservable char- 
acters such as color and odor. A key of this kind would be very helpful 
for the classification of plant forms occurring throughout the Central In- 
terior Coal Field, and also would be useful in other Middle Pennsylvanian 
localities of the United States. 

The key consists of six principle divisions corresponding, in general, to 
the several plant orders represented in the Middle Pennsylvanian of Illinois, 
and a separate division for the generic form names of gymnospermous seeds. 
These primary divisions are: 

Equisetales 
Sphenophyllales 
Lycopodiales 

Filicales & Cycadofilicales 
Cordaitales 
Gymnospermous seeds 

Each of these divisions is subdivided numerous times upon the basis of 
observable characteristics in fossilized specimens. In general, the steps 
proceed progressively through the families and genera to the species. 

The key is based upon the most striking similarities and differences 
which are apparent in the fossils. It consists of a series of alternatives, and 
proceeds by an orderly process of elimination. The unknown specimen to 
be identified is compared with these contrasting descriptions, and is found 
to fit into one of several possible alternatives. When it is pigeon-holed in 
the first category, another series of alternatives presents itself. In this way 
the specimen can be traced down through various steps to its own correct 
species. The key has for its main purpose the guidance of the user through 
preliminary steps leading to a definite identification of any particular 
specimen. 

A small portion of the key, pertaining to the orders Equisetales and 
Sphenophyllales, has been adapted from W. J. Jongmans’ work on these two 
orders in Europe. Appropriate changes have been made to conform to the 
present purpose. E. Weiss has divided the Calamites into three principal 
subgenera, based on differences in occurrence of branch-bearing nodes along 
the main stem. For these he proposed the names Calamitina, Eucalamites, 
and Stylocalamites. These divisions have been recognized by Jongmans, and 
have been retained as a primary basis of classification in the present key. 
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However, the customary use of the generic name, Calamites, is retained in 
all cases when used in conjunction with the species names. 

The order Lycovodiales is represented in the Middle Pennsylvanian of 
lilinois largely by impressions of the outer bark of the stems and roots, 
although leaves and seed-cones are also found. Before their true nature was 
known, imperfectly preserved stems which had reached various stages of 
decortication prior to fossilization were placed in separate genera. Four 
principal stages of decortication, in addition to the outer bark, have been 
given generic status in the literature dealing with Lepidodendroid forms. 
However, many transitions may be found between these stages. Since they 
are of very little botanical or geological value, it is impractical to devise a 
complex key to cover them. The stages which have been given generic status 
are listed in the key, and are as follows: 

Lepidodendron—the epidermis or outer bark. 
Aspidiaria—the outer cortex. 

Bergeria—the middle cortex. 

Knorria—the inner cortex. 

Aspidiopsis—the surface of the interior cavity of the trunk. 

The similarity of fern-like foliage borne by members of the orders 
Filicales and Cycadofilicales makes their separation difficult. They are 
properly differentiated on the basis of fructification and stem anatomy. 
However, the super-abundant occurrence of sterile and detached leaflets in 
the coal measures requires the classification of most of these forms solely 
on characteristics of leaf appearance. Insofar as the use of the key is 
eoncerned, no division into the two orders is necessary, and they are con- 
sidered as a single unit. The generic names used in the key are based on 
leaf form except in instances where the fructification of a particular form 
has been definitely established. 

With one exception, all of the plant forms included in the key occur 
in Illinois. This exception is in the portion of the key devoted to the 
Alethopterideae, and covers the -genera Pecopteridium and Lonchopteris. 
These genera, which are characterized by reticulate, or net-like, veination 
in the leaves, have been found in the Carboniferous of Europe. Specimens 
have also been found there in which the reticulate veination is seen to 
grade into a non-reticulate veination. Inasmuch as the situation in 
Europe suggests the possibility that forms of this nature might sometime be 
found here, a section covering them has been included in the key. 

In addition to the great numbers of leaf, stem, and root impressions 
found in Illinois, there are also many gymnospermous seeds. They usually 
occur as detached casts in the shales, and belong to either the Cycadofilicales 
or the Cordaitales. Only in extremely rare instances are seeds found 
attached to the parent stems. Fossilization which has preserved internal 
structure, as in the case of coal balls, has provided a basis for biological 
classification of many of these forms. But detached casts must necessarily 
be classified on the basis of external appearance, and the key has been 
devised for use under such circumstances. 
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Geology and Groundwater Resources of the 


Bedrock at Rockford* 


J. Norman Payne 


State Geological Survey, Urbana, Illinois 


The bedrock formations of the Rockford area range in age from pre- 
Cambrian crystallines to the Galena dolomite of Mohawkian age. The 
stratigraphic sequence of the area is shown in Plate I. 

Several wells in northern Illinois have penetrated the pre-Cambrian and 
have shown it to be red granite. The same material probably composes the 
pre-Cambrian of the Rockford area. 


CAMBRIAN SYSTEM 


The rocks of the Cambrian system are all of St. Croixan or upper Cam- 
brian age. The Cambrian formations named in order from bottom to top 
are, the Dresbach formation consisting of the Mt. Simon, Eau Claire and 
Galesville members, the Franconia formation, and the Trempealeau dolomite. 

Dresbach formation: Mt. Simon sandstone member. The Mt. Simon 
member consists, for the most part, of sandstone, probably arkosic at the 
base. The sand is usually poorly sorted, ranging from very fine to very 
coarse, locally becoming conglomeratic. There is a wide variation in color 
of the sandstone ranging through white, gray, buff, yellow, pink, red, and 
purple. In the upper part of the formation are erratic lenses of sandy, 
partly dolomitic, red and green shales. Locally there are lenses of pink, 
purple and yellow, granular conglomerate, generally appearing at a horizon 
300 to 400 feet below the top of the member. The thickness of the member 
is estimated at 1,600 feet. 

Eau Claire member: The base of the Eau Claire member is marked by 
a distinctive horizon of sooty-appearing sandstone, the individual grains be- 
ing covered by a black incrustration of finely divided pyrite. It has been 
suggested that this finely divided pyrite is an indication of the presence of 
organisms, and the fact that fragments of trilobites and lingulas are found 
in this zone in some areas substantiates this belief. This zone is generally 
10 to 20 feet thick. From the sooty zone upward for about 300 feet, the 
member consists of a rather monotonous succession of white to buff, fine to 
medium grained sandstones with erratic dolomitic zones and dolomite lenses. 
The upper hundred feet of the Eau Claire consists of sandy and silty, dolo- 
mitic, red and green shales interbedded with fine, dolomitic sandstones and 
sandy, argillaceous dolomite. The aggregate thickness of the member varies 
from 395 to 420 feet. 

Galesville member: The Galesville sandstone member ranges in thick- 
ness from 95 to 120 feet within local limits. The formation is thickest in 
this area in a zone trending northeast-southwest through the central part of 
the city. Southeastward and northwestward the formation thins slightly. 
The sandstone is white to buff, fine to coarse sand with scattered dolomitic 
areas, which may become sandy dolomites in some localities, especially in 
the upper 20 feet of the member. 


* Published by permission of the Chief, Illinois State Geological Survey. 
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Franconia formation: The Franconia is rather consistently 125 feet in 
thickness. The formation is composed of sandstone which is fine grained, 
glauconitic, dolomitic, white, pink, and red. It contains interbedded sandy, 
glauconitic, red and green shales and siltstones. At the base of the forma- 
tion is the Ironton sandstone member which is a coarse dolomitic, glaucon- 
itic, white to red sandstone, having been formed by sorting and redeposition 
of the Galesville sandstone by the encroaching Franconia sea. The upper 
10 to 20 feet of the formation is a very sandy, pink, fine grained, compact 
dolomite very similar in appearance to the overlying Trempealeau formation. 
The upper contact of the Franconia is difficult to determine, for the Fran- 
conia seems to grade into the Trempealeau, but the boundary is generally 
placed where very sandy dolomite gives place to dolomite which is less sandy. 

Trempealeau dolomite: The Trempealeau formation consists of argill- 
aceous, partly sandy, partly glauconitic, pink and white finely crystalline 
dolomite. The formation varies widely in thickness, from 25 to 120 feet, 
due to the pre-St. Peter unconformity. The formation is thinnest in a belt 
about three-fourths to one mile wide, running northeast-southwest just east 
of Rock River. To either side of this belt the formation thickens rapidly to 
a maximum of 120 feet in the west central part of Rockford. This suggests a 
pre-St. Peter channel about 100 feet deep. 


ORDOVICIAN SYSTEM 


Adithough the Jordan sandstone of Cambrian age and the overlying 
Oneota of the Prairie du Chien series were probably deposited over the area 
they were removed by a period of profound erosion which preceded the 
deposition of the St. Peter sandstone. 

The Ordovician formations named in order from bottom to top are the 
St. Peter sandstone, the Glenwood formation, the Platteville dolomite, the 
Decorah formation, and the Galena dolomite. 


CHAZYAN SERIES 


St. Peter sandstone: The basal 30 to 50 feet of the St. Peter is a con- 
glomerate composed of pink and white colitic chert and sand and red to 
brown clay. The chert and clay, and probably some of the sand, were 
derived from erosion of the pre-St. Peter formation in the area. Partings 
of red shale are frequently found in the sandstone in this zone. Succeeding 
this conglomerate is the typical white to pink, fine to coarse grained sand- 
stone of the St. Peter. 

The thickness of the St. Peter varies considerably in short distances 
from 180 to 300 feet. As might be expected, the formation is thickest in 
the same belt in which the Trempealeau is thinnest, that is, in a northeast- 
southwest belt extending from section 18, T. 44 N., R. 2 E., southwestward 
through sections 13, 24, 25, 35, and 36, T. 44 N., R. 1 E. Northwest of 
this belt there is a thinning of the St. Peter until the western part of 
Rockford is reached, where a.single well record suggests that the formation 
is again thicker. A very minor part of the variation in thickness is to be 
attributed to pre-Pleistocene erosion which in places removed the overlying 
formations and cut into the St. Peter. 


MoOHAWKIAN SERIES 


Glenwood formation: The Mohawkian epoch opened in this area with 
the deposition of the dolomitic, white, fine and coarse sandstone, sandy, 
brown and green shale, and sandy, argillaceous, green, rather earthy dolo- 
mite of the Glenwood formation. The sandstone occurs in the basal 10 to 15 
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feet of the formation and probably represents the reworking of the St. Peter 
so that the coarse grains of the sandstone are well rounded and frosted. 
The angular fine grains may have come from a source other than the 
St. Peter, as there is a very decided break in grade size between the fine 
and coarse grains. The shale occurs interbedded with the dolomite, or 
underlying it, and varies in thickness from 0 to 10 feet. The dolomite is 
found in the upper 10 feet of the formation, ranging in thickness from 0 to 
30 feet. The formation varies greatly in character laterally, consequently 
in some wells the formation is composed entirely of dolomite, while in 
others there is little or no dolomite. The composite thickness of the forma- 
tion is consistently near 30 feet. 

Galena-Platteville formation: The thickness of the Platteville formation 
varies from 0 to 145 feet due to the uneven bedrock surface in the area. 
The formation is entirely lacking along the Rock River channel and attains 
its maximum thickness to the east in the vicinity of Mauh-Nah-Tee-See 
Country Club. At the base of the Platteville a sandy, buff, gray and brown, 
finely crystalline dolomite occurs, ranging in thickness from 0 to 30 feet. 
This lower dolomite contrasts with the underlying Glenwood dolomite in 
not being argillaceous and having finely crystalline texture. Above this basal 
portion, the formation is composed of buff, brown and gray, finely crystalline 
dolomite. 

The upper contact of the Platteville is drawn where the very finely 
crystalline, compact dolomite gives place to coarser vesicular dolomite. 
Although the Decorah is probably present in many wells in the vicinity 
of Rockford, it has not yet been distinguished in well cuttings. 

The Galena formation is composed entirely of yellow to buff and 
brownish-gray, partly cherty, medium crystalline, vesicular dolomite. The 
thickness of the formation varies considerably, being absent over large parts 
of the area but attaining a thickness of over 100 feet in some portions. 


STRUCTURE 


The geologic structure at Rockford is very simple. Extending from 
section 18, T. 44 N., R. 2 E., southwestward through sections 13, 24, 25, and 
35, T. 44 N., R. 1 E., there is a shallow basin about one mile wide and of a 
differential elevation not exceeding 80 feet. The basin is fairly sym- 
metrical. It is bounded on the west by a slight dome and there is some 
indication of a similar doming to the east of the basin. Due to the lack 
of data, the northern and southern limits of the structure cannot be defined. 
The time of folding can be fixed no closer than of post-Galena pre-Pleis- 
tocene age. 


Sources or GROUND WATER SUPPLIES 


Large volumes of water are obtainable from the St. Peter, Galesville, 
and Mt. Simon sandstones. The city wells of Rockford obtain their supplies 
from all three horizons, as do many of the industrial wells. Formerly the 
city supply was obtained from the St. Peter sandstone, but the St. Peter 
wells were abandoned in favor of the deeper wells. The yield of 10 to 
12-inch wells into these three formations varies from 600 to 1,400 gallons 
per minute. Numerous private wells obtain water only from the St. Peter 
sandstone and a few from the Platteville dolomite. 
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Preliminary Study of Lake Michigan Sediments 
At Evanston, Illinois 


Jean P. Todd 
Northwestern University, Evanston, Illinois 


The phrase “microscopic reconnaissance” might be coined as one fitting 
the present study of the bottom deposits of Lake Michigan. For it was con- 
ducted on the generalized basis of a preliminary survey and was yet limited 
to an area of only one-quarter square mile. This area extended in one 
dimension the length of the Northwestern University campus _ beach, 
slightly more than half a mile; in the other dimension it extended half a 
mile out from shore. Forty stations were located by means of buoys. This 
was found to be the most practical method of obtaining successive samples 
from the same location, and such samples were required in order to make a 
study of the shift of sediment or change in profile during the period of 
investigation. The buoys were arranged to give four sampling courses of 
ten stations each, trending normal to the shoreline. On these courses 214 
soundings were taken during a two-week period in August. Fifteen more 
were taken after a lapse of four weeks. Accompanying the last 134 sound- 
ings, bottom samples were collected with a modified clamshell snapper form 
of sampler. 

The position of the buoys was repeatedly checked with an alidade during 
this time and no shift in position was observed. This indicates that there 
were at least no bottom currents of strength sufficient to move the sixty- 
pound weights used as anchors for the buoys. 

The data from the soundings were plotted as a series of profiles. These 
in only one or two instances showed variation of more than two inches, 
which is within the probable error of reading the sounding line. This was 
over the period of six weeks, during which time several storms occurred. 
Thus the bottom does not seem to be subject to either active erosion or 
active deposition. These profiles show a relatively steep slope of the lake 
bottom in the first 200 feet off shore. The bottom of greater depths is of 
extreme flatness and gentle slope. The line of the north course is notably 
deeper than the three to the south, however, giving the deepest recorded 
sounding of twenty-two feet at its outer end. 

Two distinct types of sediment were brought up from the bottom: one 
a fine grained sand, the other a pebble-clay complex. These are not scat- 
tered promiscuously but follow a definite pattern. The gravel and clay lie 
in a belt roughly parallel to the shore and at the base of the relatively 
steep off-shore slope, and in a second zone, normal to the shore, along the 
line of the deeper north course. This second zone is thus again at the base 
of a slope or perhaps a trough, as the slope of the bottom on to the north 
is unknown. This correlation of topography and type of sediment corre- 
sponds with the results of the previous, more extensive survey of the bottom 
deposits of Lake Michigan made by Hough.’ He also noted the presence of 


1Hough, J. L., The bottom deposits of Southern Lake Michigan: Jour. Sed. 
Petrology, Vol. 5, pp. 57-80, 1935. 
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similar clay-pebble material in depressions. It is believed that these areas 
represent exposures of glacial till, in places overlain by lag concentrates of 
the coarser constituents of the till. 

Mechanical analyses were made of the 103 sand samples. The measure- 
ment of the fractions separated by sieving were made volumetrically. The 
accuracy of this method was compared with gravimetric measurement. It 
was found to be fully as great in sands of the particular size frequency 
distribution as those studied. Because of the rapidity of the method it is 
thought to be a valuable laboratory technique. 

The median diameter was determined from the cumulative curve and 
the quartile coefficients of sorting and skewness were computed according 
to the formulae of Trask. The median ranges from .091 to .125 millimeters 
if 7 of the 103 analyses be excluded. These 7 range on up to .45 mm., but 
are in each case specimens adjacent to the till areas and are thought to be 
transitional to the average type of sand. This therefore places the sands 
all within Wentworth’s grade size of “very fine sand.” 

Sorting ranges from 1.13 to 1.37, again 7 samples being excluded, 6 of 
the 7 being transitional to the clay-pebble deposits. This denotes an excep- 
tionally well sorted sediment, as Trask’s lower limit of sorting was placed 
at 1.26. 

Skewness ranges from 1.69 to .97, excepting 9 specimens separated 
from the others by distinct gaps in value. Seventy per cent of the samples 
fall between 1.01 and .99. As unity denotes perfect symmetry about the 
mode it is evident that the skewness of the Lake Michigan sands is not 
great. 

The median, sorting and skewness show no variation between specimens 
taken before and after a storm, nor any systematic variation either later- 
ally or with increase in depth. The coefficients are, however, somewhat in 
error because of the lack of a 150 mesh sieve in the Tyler series used in 
the analyses. The geometric progression was thus broken at the critical 
point in the size distribution where over 50 per cent of the sand is con- 
centrated. Hence the slopes of the cumulative curves, in their steepest 
portion, are not accurately defined. The data read from these curves is 
thereby in error. 

A set of histograms drawn for the samples of any one course shows a 
consistent increase of fine material with increase in depth. This is a result 
to be expected if currents gradually diminish in transporting power with 
distance from shore. A less well defined, yet consistent increase in per- 
centage of fine material is noted laterally from north to south. This may 
indicate that the zone of clay and pebbles on the north course is an area 
of scour by long-shore currents from the north which diminish in transport- 
ing power with distance from this zone and hence deposit increasing 
amounts of fine material. 

From fifteen heavy mineral separations made on material from the 
southern two courses a notable concentration of heavy minerals was found 
to occur at points one-quarter mile from shore on both courses. On one 
course this concentration correlates with an increase in coarseness of the 
sand. This is not the case on the other course. There is, however, enough 
evidence to suggest that at this distance from shore some change in wave 
action occurs. The nature of the change is unknown, but remains a 
problem inviting further investigation. 

The fauna, consisting mainly of gastropods and plecypods has been kept 
separately by sample. It has not as yet been identified, but there are sug- 


2Trask, P. D., Origin and Environment of Source Sediments of Petroleum, 
pp. 67-76, Gulf Publishing Co., Houston, Texas, 1932. 











244 Illinois State Academy of Science Transactions 


gestions of variation in relative abundance as well as of species with varia- 
tion in depth and type of bottom. One such correlation has been established. 
The largest of the gastropods, Goniobasis liviscens cf. Michiganensis F. C. 
Baker, is not found in a single sandy specimen but occurs with almost 
every clay-pebble one. Its habitat is thus defined either by the type of 
bottom material, or, if these till areas represent points of more 
active current action, perhaps it is this which is the important environ- 
mental factor. 

The present study has thus established a control to which future studies 
of the distribution of sediments and topography of the lake bottom may be 
referred. It has also, I hope, pointed out avenues of approach, and some 
problems for future investigation. 
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The Preglacial Rock River Valley as a Source of 
Groundwater for Rockford* 


L. E. Workman 
State Geological Survey, Urbana, Illinois 


Rockford obtains its water supply from deep wells penetrating rock 
formations from the St. Peter to the Mt. Simon sandstone. Being a large 
industrial city, Rockford requires a great quantity of water and it has been 
the constant study of the water department and engineers to keep up with 
increasing demands. Lowering of the hydrostatic levels of water in the 
various bedrock sandstones causes an increased effort to obtain an adequate 
supply by lowering the pumps or locating wells at widely separated inter- 
vals thus hurrying the time when the water level will be too low to allow 
further development along these lines. It is well, therefore, that the city 
look for possibilities of increasing their supplies from new sources. Such 
new sources of water supply are available in the sand-and-gravel filled 
preglacial valley of Rock River which lies close at hand. 

The exact location of the preglacial Rock River valley throughout its 
length is still somewhat of a mystery. From Beloit to Rockford it is known 
to follow the course of the present valley. South of Rockford it continues 
in a southerly direction somewhere through eastern Ogle and Lee counties 
and southwestward toward the general vicinity of Princeton where it meets 
the preglacial valley of the Mississippi River. 

In general, it can be stated that the preglacial Rock River valley from 
the northern state line to its junction with the preglacial Mississippi River 
valley is two to three or more miles in width. It was cut more than 350 
feet below the upland in the northern portions and perhaps throughout its 
length in Illinois. The rock floor at Rockford is about 450 feet above sea 
level; at Princeton it is 323 feet above sea level, thus averaging a fall of 
1.7 feet per mile in a distance of about 75 miles. 

As determined from well records and outcrops, the accompanying map, 
Figure 1, shows the major portion of the old valley in the vicinity of Rock- 
ford. The locations of wells which reached bedrock are indicated by the 
shaded areas. Contours are shown connecting points of equal elevation above 
sea level on the bedrock surface in the preglacial channel. For the sake 
of simplicity, contours above 700 feet above sea level are not given, for 
above approximately this elevation the bedrock surface reaches the present 
surface. 

The preglacial valley below the 700-foot level has a width of about 2% 
miles. It extends from the region of the present broad valley northeast of 
Rockford in a south-southwesterly direction to the present broad valley 
south of the city. In the east part of Rockford it underlies an undulating 
upland. The deepest part of the preglacial valley is shown in two wells 
to lie below 450 feet elevation. The data on wells in the southern part of 
the city wouid indicate that the valley is U-shaped, with a wide floor and 
steep sides. Very probably additional data on wells to the northeast would 
show this general shape continuing throughout the local extent of the 
valley. 


* Published by permission of the Chief, Illinois State Geological Survev. 
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Outside of the main valley the old valley walls are deeply cut by tribu- 
taries and ravines, a suggestion of which is given in the contours on the 
western side of the channel. Closely spaced wells in Rockford west of 
Rock River show sharp differences of 50 feet in the elevation of the preglacial 
surface. Very probably the same type of irregularity is characteristic of 
the eastern valley wall and would be revealed by additional well data. 

The preglacial Rock River valley carries a thick accumulation of sand 
and gravel. Wells in the present alluvial flats in the southern part of 
the city are reported to encounter sand and gravel at an elevation of 700 
feet, beginning within 20 feet of the surface and to continue in these 
materials with an occasional variation of sandy clay or silt down to the 





Fig. 1—Preglacial Rock River Valley at Rockford. 
Contour interval: 50 feet. 


@ Location of well reaching bedrock. 
# Bedrock outcrop. 
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bottom of the preglacial channel. To the north an illustration of the succes- 
sion of glacial materials is shown in the following log of the Bradley 
Heights Sub-division well No. 2, drilled by P. E. Millis and Company, located 
at A, having a surface elevation of 840 feet above sea level. 


Formation Thickness Depth 

Pleistocene system 
Clay, gravelly, bluff, weathered................ 15 15 

Gravel, clayey, yellow 

Se ee I, SEO vr o'g c coeccncscaweeeuces 50 65 
Sand and gravel, probably water-bearing...... 40 105 
Clay, silty, brownish-gray.................... 20 125 
es SS ME a sc 9.6.d00es eanenee ee dee 15 140 
oS a re 25 165 
Sand and gravel, water-bearing............... 45 210 
ee ee 10 220 
Sand and gravel, water-bearing................ 55 275 
EOFS Co er een 5 280 
Oe rrr ern 55 335 

Ordovician system 
oe a ere ere below 335 


Most of this drift, both glacial till and sand and gravel is probably of 
Illinoian age, although it is possible that the lowest 55 feet of compact till 
may be partly or entirely of pre-Illinoian age. 

A number of wells which obtain large water supplies from sand and 
gravel in the preglacial channel are located in the south part of the city, 
and it is therefore logical that attention is drawn to that locality as a 
possible location for an additional supply for the city. A properly developed 
well there in the general vicinity of the middle of the old valley should 
supply a great abundance of water, a conservative estimate being 1,000 
gallons per minute. 

However, attention should be called to the possibility that a similar well 
can probably be developed at any other convenient location along the middle 
of the preglacial valley. A well located in the more elevated region east 
of the business district would have some added advantage in being more 
protected from local seepage of contaminating water by having an addi- 
tional covering of compact materials, and, at the same time, it would be 
less likely to influence, or be influenced by, the industrial wells. Finally, a 
location presenting the least likehood of interference between wells, now 
and probably for a long time in the future, would be northeast of the city. 

















PAPERS IN PHYSICS 


Extract From THE REPORT OF THE SECTION CHAIRMAN 


The Physics Section carried eleven papers, all of which are here 
represented. 


Attendance averaged fifty at each meeting. 

R. F. Paton, Department of Physics, University of Illinois, Urbana, 
Illinois, was elected chairman for the 1938 meeting. 

The Physics Section voted a Resolution of Appreciation to Professor 
C. T. Knipp for his work, interest, papers, and demonstrations with regard 
to that Section. 


(Signed) Harold Q. Fuller, Chairman. 
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A Study of Crookes Dark Space in a Hot Lime 
Cathode Ray Beam 


Chas. T. Knipp and James F. Madole 
University of Illinois, Urbana, Illinois 


Crooke’s dark space (first observed by Sir William Crookes some 60 
years ago) is present whenever there is an electrical discharge between two 
electrodes no matter what the pressure of the surrounding gas. The length 
of this space is dependent on several conditions within the tube, such as 
the pressure of the gas, the temperature at the source of the beam, the 
voltage applied between the electrodes, etc. In this study the beam eminated 
from a hot lime surface. The dark space is very sensitive to slight changes 


in potential and temperature. The paper dealt with the experimental data 
obtained. 
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A List of Demonstration Experiments in Physics 
Suitable for Lecture Table Use in First and 
Intermediate College and University 
Courses 
Chas. T. Knipp 


University of Illinois, Urbana, Illinois 


This list constitutes a resumé of demonstration experiments in physics, 
original, wholly or in part, with the author during his 34 years connection 
with the department of physics, University of Illinois. Many of the items 
listed have been presented down through these years before the physics 
sections of the Illinois State Academy of Science an@ also the Indiana 
Academy of Science. Five were exhibited, by invitation, at A Century of 
Progress, Chicago, 1933 and 1934. A number also have been used by the 
author in demonstration lectures before educational and civic organizations 
throughout Illinois and neighboring states, and also before the Science 
Exhibit section sponsored the past four years by the American Association 
for the Advancement of Science, notably at its New Orleans, Pittsburgh, 
St. Louis and Atlantic City meetings. The list of workable experiments is 
fairly complete and is here given for the first time. 

1 Bicycle wheel gyroscope. This well known lecture table demonstra- 
tion was first described by the writer in 1901. See Phys. Rev., 
XIII, p. 43, Jan., 1901. 

2 A method of maintaining intermediate temperatures. Phys. Rev., 
XV, p. 125, Aug., 1902. 

3 A simple cloud apparatus. A beautiful experiment to show cloud 
formation. Suggested by C. T. R. Wilson’s cloud researches. Sci- 
ence, XXX, p. 930, Dec. 24, 1909. 

4 An efficient and rapid mercury still. The mercury is vaporized in 
the electric arc. (A physics shop apparatus). Science, X XXIII, 
p. 667, Apr. 28, 1911. 

5 Hot lime (Wehnelt) cathodes. The cathode ray beam from the hot 
lime shows the Crookes and Faraday dark spaces, and how these 
vary with the temperature and also with the voltage. The tube 
shows the effect of positive and negative acceleration as they affect 
the magnetic deflection of the beam. 

6 The production of a helix of rays from the hot lime cathode. A 
long horizontal tube. Beam along the axis. The tube is surrounded 
by a loosely wound solenoid. The resulting helix is interesting and 
its deformation by compressing or extending the loosely wound 
solenoid is striking. Phys. Rev., XXXIV, p. 58, Jan., 1912. 

7 Hot lime cathode. To show circular path of beam in a uniform mag- 
netic field at right angles to plane of circle. 

8 Hot lime cathode ray beam to show the aurora borealis (northern 

lights). Rather complicated but very convincing. 
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10 


11 


12 


13 


14 


15 


20 


21 
22 
23 
24 
25 
26 
27 
28 


29 


30 
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The diffusion of gas at low pressures made visible by color effects. 
Science, XLII, p. 93, July 16, 1915. 

Absorption of air by charcoal cooled to the temperature of liquid 
air. A striking lecture table demonstration. Science, XLII, p. 429, 
Sept. 24, 1915. 

Color effects of positive and of cathode rays in residual air, hydro- 
gen, helium, etc. (Knipp and Kunz design, was exhibited at A 
Century of Progress, Chicago, 1933, ’34.) Science, XLII, p. 942, 
Des. 31, 1915; Trans. Ill. Acad. Sci., X, p. 283, 1918. 

Positive and cathode rays in residual helium, hollow triangular 
cathode. (Kunz design, was exhibited at A Century of Progress.) 
Electrical discharge between concentric cylinderical electrodes. 
Science, XLIII, p. 787, June 2, 1916. 

Mercury vapor tube, containing pith balls. Tube is highly evacuated. 
Illustrates Boltzman’s Law. (Was exhibited at A Century of Prog- 
ress.) School Sci. and Math., XVII, p. 442, May, 1917; Trans. III. 
Acad. Sci., X, p. 284, 1918. 

An improved form of high-vacuum high-speed mercury vapor pump. 
Trans. Ill. Acad. Sci., X, p. 286, 1918; Science, LXXVIII, p. 183, 
Feb. 17, 1922; Trans. Ill. Acad. Sci., XXI, p. 212, 1928. 

An old form of top revived. A simple, powerful and long spinning 
top. Schoo] Sci. and Math., XX, p. 113, Jan., 1920. 

Possible standard of sound. Phys. Rev., XV, p. 155, Feb., 1920; 
Ibid., XV, p. 244, Mar., 1920. 

A convenient form of the new singing tube. School Sci. and Math., 
XX, Dec., 1920. 

Production of sound by the application of heat (singing tube). 
Trans. Ill. Acad. Sci., XIV, p. 21, 1921; Nature, CXX, p. 362, Sept. 
10, 1927. ' 
Production of sound by cooling. The entire singing tube, except 
the closed tip, is cooled to the temperature of liquid air. A very 
striking experiment. 

Simple form of C. T. R. Wilson’s alpha-ray track apparatus (with 
N. E. Sowers). Trans. Ill. Acad. Sci., XVII, p. 121, 1924. 
Improvement in alpha-ray track apparatus. (Was exhibited at A 
Century of Progress). Science, LXIV, p. 140, Aug. 6, 1926. 
Electrodeless ring discharge (with L. N. Scheuerman.) Trans. III. 
Acad. Sci., XXII, p. 365, 1929. 

Electrodeless discharge (with J. K. Knipp.) Phys. Rev., XXXVIII, 
p. 948, Sept. 1, 1931. 

Photoelectric cell (Kunz design and patent.) 

High-speed high-vacuum air pumping outfit for lecture table dem- 
onstrations, using the writer’s internal type of water cooled mercury 
vapor pump. 

High-potential low-frequency outfit. To produce low potential A. C. 
discharges and operate ladder experiment. 

High-potential high-frequency outfit. To operate disruptive dis- 
charges, electrodeless discharges, active nitrogen experiments, etc. 
Active nitrogen experiments. Afterglow lasts 15 to 30 minutes. In 
one bulb, it lasted 3 hours. (Was exhibited at A Century of 
Progress. ) 

Liquid oxygen experiment. The gas oxygen under pressure is cooled 
to the temperature of liquid air, and liquid oxygen results. It is blue 
in color. 
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31 A cold cathode rectifier. Trans. Ill. Acad. Sci., XXIX, p. 209, 1936. 
32 To show that electrons leave the surface normally. A simple and 
new experiment, of a long accepted phenomenon, strikingly shown. 
Finally, a short series of experiments suitable for lecture table demon- 
stration that might be styled, “Sleight of hand in physics” (15 to 20 min.) 
The subject is: 


SINGING TUBES 


a) Long tube (about 15 x 70cm.) Heat closed tip.............. Result 
is a tone of low pitch. 

b) Two short tubes (about 2.5 x 25 cm.) Heat closed tips simultan- 
eously. One tube has sliding trombone for tuning.......... Beats, 
very sharply defined. 

c) Long tube (similar to a above.) Open end now closed. Heat closed 


ik a are dak Sah ow h0 0s 6 hantnind vader wal si tedlins Effect is uncanny. 

Heat again and place cold end firmly on a sounding board....Tube 

speaks out. 

Repeat, with two similar tubes, and place both simultaneously on 

SR I NE Vic ne csc eews gheweebeddes uicsdacons es Beats. 
d) Two small tubes (about 1 x 15 cm.) One end open. Heat closed 

ee ee! ee er Beats. 


e) One small tube. Body of tube is inserted in a special jacket and 
cooled to the temperature of liquid air. Tip kept at temperature 


OP TOs bia os 600 cediteecs Effect is surprising,—the tube sings. 
f) Two small tubes. The body of each is bent in the form of a U. 
Grasp tip, one in each hand, and lower into liquid air....... Tubes 


sing. Beats. 
Results observed in each of the above cases should be explained. 


LECTURE TABLE DEMONSTRATIONS 


(The numbers refer to experiments in the preceding list) 

3. Cloud apparatus.—A spherical glass bulb, with stem, to which a 
rubber bulb filled with water is attached, forms a convenient means 
of producing supersaturation by simply squeezing the bulb, then 
quickly releasing it. The excess moisture obtained on expansion 
settles on the walls of the vessel or on particles of dust that may 
be present, thus forming a cloud. Carbon particles from a burning 
match greatly facilitate cloud formation. 

11. Positive rays—The existence of positive and negative ions in an 
electric discharge through a discharge tube was firmly established 
about 25 years ago. We thus have cathode rays, positive rays, nega- 
tive rays, etc. Cathode and positive rays may be simultaneously 
shown in the same tube by employing a hollow cathode due to 
Goldstein. By introducing helium as the residual gas, both beams 
stand out prominently—the cathode rays emanating from the 
cathode face, while the positive rays seem to pass through the 
hollow cathode and appear as a compact beam on the opposite side. 
The cathode rays are apple green in color and are deflected readily 
by a horseshoe magnet, while the positive rays are red and not 
visibly deflected. The mass of the positive ion is about 7,000 
times that of the electron. 

19. Singing tubes—Singing tubes were exhibited by the author at 

Rockford sixteen years ago. To make one of these tubes sing a 

temperature difference between the closed tip and the body of 





30. 


24. 


29% 
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the tube is required. This is usually obtained by applying heat 
to the closed tip, making the temperature difference about 350° C. 
A temperature difference sufficient to cause the tube to sing may 
also be obtained by holding the tip in one’s fingers and sub- 
merging the rest of the tube in liquid air. The temperature 
difference now is about 200° C., with attendant lowered pitch. 
Liquid oxygen.—Liquid oxygen may readily be produced by making 
use of the principle of lowering the temperature of a gas under 
pressure until condensation results. The bulb with its stem con- 
tains the gas oxygen at a pressure of about 2.5 atmospheres abso- 
lute. By placing the stem in liquid air the gas is condensed 
on the walls of the vessel and collects as a liquid at the lower end 
of the stem. This action continues until nearly all of the gas is 
liquified—until the pressure in the bulb falls to about .25 of an 
atmosphere. Liquid oxygen is quite blue in color. 

Inductive effect—An electrodeless discharge is always interesting. 
The energy in the exciting coil around the bulb induces a current 
in the gas within it. This induced current may in turn be used 
as a primary of an air transformer and induce a current in its 
secondary, which may well consist of a few turns of a copper wire 
circuit containing two or three pea flash light bulbs. This experi- 
ment gives one some idea of the energy flowing in the gaseous 
circuit. Ordinarily we think of the electric current in a gas as 
being very small. 

Active nitrogen.—Some gases exhibit an afterglow of definite color 
when the exciting energy is applied (as in experiment 24 above) 
and then cut off. The gas nitrogen is unique in this quality. The 
applied energy causes some of the gas molecules to pass into a 
meta-stable state. While this is going on energy is radiated with 
attendant color. The electrons thus displaced within the molecules 
of gas require considerable time to return to their equilibrium 
positions. Energy is again radiated. The bright lemon color is 
peculiar to nitrogen. The afterglow may last for many minutes. 
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Applications of the Photo-Electric Cell in 
Astronomy 
Jakob Kunz 


University of Illinois, Urbana, Illinois 


Since about thirty years ago the photo-electric cell has been used as a 
photometer in astronomy and has led to important results in various fields. 
At first the cell was used for the study of eclipsing double stars, and the 
intensity of light of the corona of the sun in the case of total eclipses; in 
recent years the absorption of light in the milky way system has been 
determined by the cell which seems to be called upon to measure also the 
light from the most distant nebulae, which are from 400 to 800 million 
light years away from us. The cell may be used in the measurements which 
are planned for the decision as to whether our universe expands or not. 
The 100 inch and the 200 inch telescope will be used for this purpose. 

We shall begin with the eclipsing binary stars. The Arabs already knew 
that the star Algol changes its intensity of light considerably in about three 
days. But exact measurements were only recently made by means of the 
photoelectric cell by Joel Stebbins, to whom we owe most of the photoelec- 
tric results in astronomy. The three stars Algol, IH Cassiopeiae and A 
Tauri give very characteristic light curves as function of time-curves which 
in connection with spectroscopic investigation and with the knowledge of 
the distance allow us to determine the mechanical system of the double 
stars. Over 100 eclipsing binaries are known. The preponderant type of 
close double stars with components of the same order of size and of equal or 
unequal brightness, consists of bodies whose distance between centers is 
approximately 5 times their average radius, whose period of revolution is 
about 4 days and whose mean density is 1/20 that of the sun. Algol has a 
total light about 100 times that of the sun, its companion has a surface 
intensity 10 times that of the sun; the light is yellower than that of the 
primary star. There are other variable stars whose light variation is not 
due to eclipses but to the ellipsoidal shape of the components, for instance, 
vw Orionis and b Persei. 

It is fairly difficult to find constant stars to be used as standards of 
comparison. The sun also is a variable star, for a single sun spot is enough 
to change the total light. The variation of this light is probably easier to 
measure indirectly than directly by the use of the light reflected from Saturn 
or Uranus. The photo-electric cell measures not only the intensity of light 
from point sources, but also the light of luminous surfaces, like the light 
of the corona of the sun, or of a comet or of a nebula or star cluster or of 
the zodiacal light. 


ABSORPTION OF LIGHT IN THE MILKY WAY SYSTEM 


Trumpler, an astronomer of the Lick Observatory, had found that there is 
an absorbing layer in the middle of the milky way system. This was confirmed 
by Stebbins at the Mt. Wilson Observatory by means of a photo-electric cell 
attached to the 60 inch and to the 100 inch telescopes. There are two distinct 
phenomena of absorption of ligiit in the sky. Light is scattered by gases 
and vapors; the Rayleigh scattering, which explains the blue color of the 
sky and the red lights at sunset. Then there is ordinary absorption and 
obstruction of light by dust and larger solid particles. We consider at first 
space reddening by the light scattered by a gaseous layer in the center of 
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the milky way. Trumpler had observed this effect by means of open clusters, 
Stebbins observes it by means of globular clusters and by B stars; in this 
central zone of the milky way E. P. Hubble found no extra galactic nebulae, 
while the nebulae are most numerous near the galactic pole. 


KLILILLLLLL A lbbballlisiskhip 
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Fig. 1.—SKETCH OF THE MILKY WAY SYSTEM. 


h=1800 light years. 
a= 32000 light years. 
r= 4000 light years. 
s= sun. 

The color of a star is measured by its color index. The photographic 
plate is more sensitive to blue and violet rays than the human eye. The 
photographic magnitude of a star minus the visual magnitude is the color 
index. For the class AO stars, on the average the color index is by defini- 
tion zero, while for blue stars the color index is negative, positive for red 
stars. Now in galactic latitude between +5° and —17° Stebbins and C. 
M. Huffer found strong reddening of B stars, outside this zone practically 
no reddening. The strongest reddening occurs where there are many stars. 
Each B star was measured through two filters, which with the cell used 
have effective sensitivities at wave length 4200A and 4700A, giving a dif- 
ference in color index of 0.74 mag. between AO and KO stars. 

By the results of the measurements of Stebbins it is possible to esti- 
mate the dark materi&l in our galactic system, with the assumption that the 
absorption and reddening is of the same order as in the atmosphere, where 
light per cm? passes through 1000 gr. If r is the radius of the galaxy, then 
the total scattering by the dark layer in a direction at right angles to the 
plane of the milky way is due to a mass 7r*.1000. One light year is 9.5 X 10” 
km, and the radius of the milky way is 40,000 light years, hence the radius 
r of the galaxy is 


r= 9.5 X 10” 4.10* X 10° cm. 
r= 3.8 X 10” cm and 
Tr? = 4.5 X 10“, and the scattering or dark mass is m = 4.5 X 10° X 
1000 = 4.5 X 10% gr. But the mass of the sum is ms = 2.10” gr., hence 
4.5 X 10° 
the dark mass of the milky way is equivalent to-————"= 2.2 X 10” 
2. oe 


« 
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suns. This estimate may be reduced to perhaps 2 X 10” suns, while the 
number of stars in the milky way is about 3 X 10”. Near its median plane 
the galactic system is filled with a layer of dark material which reddens 
all stars at sufficient distances and blots out everything behind it. The 
average density of matter in the galactic system is d — M/V, where 


M = 2 X 10* X 2.10" = 4.10“ gr. and 
V = 47/3 r®* = 4 X 10® cm’, hence 


d = 10™ gr/cm’*, while the mass of a hydrogen atom is 1.66 X 10™ gr. 
Another result of this absorption of light or space reddening is a change 
in the dimensions of the milky way. The distance of a cepheid variable star 
can be determined by the fluctuation of its light intensity. For transparent 


S’ 


a 
Fig. 2. 


space the inferred distance between the observer O and the star would be 
OS’, but with an absorbing layer a between the observer and the star, the 
true distance will be OS; that is, the absorbing layer makes the distance 
smaller, in the same way the large diameter of the disc of the milky way 
shrinks from about 100,000 to about 80 or 60,000 light years, so that our 
galactic system approaches the dimensions of the nearest galactic system 
outside our own, i.e., the Andromeda nebula, whose dimensions on the con- 
trary by photoelectric measurements have been increased. Our milky way 
system may be just another galaxy. 


ABSORPTION WITHOUT REDDENING 


This effect seems to be harder to measure than the reddening. But 
non-selective absorption is found in the case of extra-galactic nebulae in 
regions where the counted number of nebulae indicate heavy absorption, 
but where the colors of the nebulae are not very much affected. Moreover 
faint stars in the dark areas of our milky way would be much redder than 
they are found to be. 


NEW PROBLEMS 


Cosmic relativity leads to the idea of an expanding universe. And the 
astronomers find that the distant nebulae recede from us with a velocity 
which increases with increasing distance; this conclusion is drawn from the 
red shifts of the spectral lines and from Doppler’s principle. E. Hubble 
has recently concluded that this leads to a closed model of a radius of about 
500 million light years,—a large fraction of which can be observed with 
existing telescopes, and which is packed with matter to the very “threshold 
of perception.” But the red shifts may not be velocity shifts. This ques- 
tion may be decided by the 200” telescope and the photo-electric cell which 
is more sensitive than the photographic plate. One of the problems related 
to astronomical investigations is a more sensitive and constant photo- 
electric cell. Research is going on in this connection and results will be 
published in a future communication. 
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Physics and Human Welfare 


L. S. Smith 
Illinois State Normal University, Normal, Illinois 


To the layman the name “physics” means either nothing or something 
vaguely disagreeable. The man of physics, the physicist, is widely heralded 
by the modern newspaper as somewhat of a magician and referred to as an 
atom splitter. As soon as he stops splitting atoms and does something 
useful he becomes an engineer. 

The chief value of much of the knowledge of the science of physics is 
in what might be termed the “scientific method”. This term is applied more 
and more to all the various forms of human endeavor. If the politician 
would use more scientific method, and less selfishness, the science of gov- 
ernment would be building a much more permanent foundation. 

It has been stated that the United States is doing nearly half of the 
world’s work. This means that the output of energy in this country equals 
half of the world’s total. This is due to our large sources of water power, 
coal, petroleum, and natural gas. These natural resources are harnessed 
by means of the principles of physics. Nature has favored our country with 
great natural resources and our industrial position is influenced by these 
resources. The inherent potentialities of America may be attained when 
discovery and research are closely coordinated with social planning. Social 
scientists as well as physical scientists have each worked independently of 
the other. If greater cooperation existed, greater results would be 
produced. 

The medical profession has long realized the importance of physics to 
the progress of medicine. In an extremely crowded curriculum, the course 
in general physics is still considered an important background course for 
all medical students. The importance of the physicist as an assistant in 
medical research is greatly realized. It must be kept in mind that a mastery 
of physics by the medical student cannot be expected, but it is hoped that a 
working knowledge of the subject may be attained. Dr. Compton illustrates 
the importance of physics in medicine in the following way: “When some 
one is ill the doctor is called by telephone, visits his patient by automobile, 
measures his temperature with a thermometer, his pulse with a watch, exam- 
ines his heart and lungs with a stethoscope, and his throat with a light 
reflector. Every one of these operations uses a tool and technique supplied 
by the physicist.” 

Let me point out a physical principle applied to modern medicine. There 
is a characteristic temperature above which a certain organism cannot live. 
It has been determined that this temperature is lower for the organism 
that produces distemper in dogs than it is for the dogs themselves. Hence 
dogs may be cured of the distemper by producing fever which raises the 
temperature above the limit for the organism while safely below the danger 
limit for the dog. This treatment has been used to cure cases of syphilis 
in monkeys, but cannot be used in these cases in man, since the threshold 
temperatures are too close together. 
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Training in applied physics is especially valuable in the electrical, 
optical, chemical, textile, paper, aircraft, automobile industries, as well as 
oil production and refining, geology, geophysics, acoustics, and metallurgy. 

Physical principles, for example, will enter into the development of 
air conditioning, economical railway trains, prefabricated homes, preserva- 
tion of foods, processing of plastics which include glass, rubber, paint, and 
composition, moulding materials, color photography, and television. 

Architecture, music, and painting take their raw materials directly from 
the world of physics, and a number of the minor arts involving physics 
such as the use of color and illustration, are rapidly rising in prominence. 
Artificial color effects are fast approaching the importance of man made 
musical effects. The physical basis of color and the physical basis of music 
are important physical principles having many common applications. At 
present there is greater emphasis on the treatment of the physical basis of 
music, perhaps due to the fact that nearly every community has its brass 
band, its orchestra, its striving musicians, and radio listeners. The enjoy- 
ment of color has been widespread in a general way, people have been 
strangely unobservant in any refined or critical sense of the world of colors 
about them. Art galleries where good paintings may be seen are not numer- 
ous, and the colored chromo was considered vulgar by our grandparents. 
This leads to the thought that the physical basis of color may find its place 
beside that of music when television is perfected. Hence we see that there 
is cultural value of physics applied to music and art. 

Physics can be of use to agriculture in some of the following ways: 
Increasing agricultural production, both as to quality and quantity, by 
studying the effects of radiation on plant growth, devising new sources of 
radiation, electrical methods of growth stimulation, and by providing new 
physical methods for the control of biological processes. In developing 
electrical, mechanical, and other physical methods of controlling insect 
pests, yields will be more certain. In developing engines, motors, and new 
methods of power distribution, marketing will be simplified. There would 
be greater benefits to agriculture if it were economically feasible to pre- 
serve crops without deterioration over a period of years. This is a challenge 
to the research physicist. Other benefits will come to agriculture by the 
development of new products which will serve as outlets for agricultural 
materials. Perhaps physics will not be as useful here as chemistry, but 
the physicist can assist the chemist in much of this type of research. As an 
illustration of this, let me mention that motor design is important in the 
selection of motor fuel. Agricultural products may be used for insulating 
materials, filters, and structural parts used in air conditioning which is a 
physical process. 

I hope it is not out of order to mention the relation between scientific 
advance and social progress. Recently certain economic writers have placed 
the burden of unemployment at the feet of the scientist. This is a fallacy 
which can be proved by facts and figures. For example, 50,000 additional 
telephone girls and a 100% increase of linemen took place during the ten 
years that the dial system was being installed; five times as many printers 
are employed today, in spite of the fact that the linotype can set five times 
as fast; 50% of the theatre musicians have been displaced by sound motion 
pictures, but musicians and teachers have been increased by 35,000, actors 
by 17,000, ushers by 7,000, and radio employees by 5,000; typewriters, adding 
machines, and other office mechanical equipment have increased the typists 
by 32%, bookkeepers and accountants increased by 27%, although the popu- 
lation increase during this twenty-year period was only 16%. There was 
about 100% increase in ice dealers because mechanical refrigeration popu- 
larized all refrigeration. There never was an important invention which 
—8 
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did not cause the ultimate employment of a far greater number of men than 
it threw out of work. When the automobile replaced the horse, the street 
cleaner was out of a job, but today there are three times as many street 
cleaners as there were in the horse-and-buggy days, since there are more 
streets. 

The importance of research cannot be over emphasized, for it is through 
research that new truths are discovered and new industries are developed. 
Through research the electron was discovered, and from this lone discovery 
great industrial organizations have been developed. There is every reason 
to believe that a continuation of the process of discovery of new ideas, the 
development of new processes, and the control of new forces will continue. 
The Federal Government can well afford to make larger appropriations for 
the work of research and thereby increase the efficiency of the overworked, 
undermanned National Bureau of Standards. 

There is a trend in university curricula to take cognizance of the tre- 
mendously technical aspect of modern civilization by a realignment of 
emphasis on the major subjects in favor of the physical sciences. This same 
idea should be extended to the high school. The high school student should 
learn his science, keeping in mind the viewpoint of its needs, its scope, and 
its place in civilization, more than for the benefit of its logical discipline. 
I believe this will increase the appeal of science to the student. Then we 
will have writers, executives, legislators, etc., who though chosen without 
regard to their views on science, will have a greater appreciation and 
understanding of science. They will be much more “science minded” and 
they’ will render more loyal support for the things which science needs. In 
brief, people can be “science minded” most effectively through education. 
When this state of training is reached, men of science will no longer need 
to worry over politics, so long as general order prevails, and there is the 
abundant development of natural resources. 
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An Experiment in Ultrasonics for Undergraduate 
Students 


Glen W. Warner 
Wilson Junior College, Chicago, Illinois 


For a number of years the field of ultrasonics has been exclusive terri- 
tory for research, but improvement in technique and more general interest 
makes it possible and desirable to introduce undergraduate students to 
this topic. 

A modified form of Kundt’s tube similar to that used by Pierce was used 
to measure the wavelength of ultrasonic waves and thus determine the 
velocity of such waves set up by a quartz crystal of known frequency. 

The resonating chamber (See Fig. 1) was made from a piece of iron 
water pipe 24% inches in diameter and 6 inches long, fitted with end pieces. 
The one end piece carried a crystal holder and two binding posts. The 
other end piece held a screw which carried the reflector. A micrometer screw 
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Fig. 1.—Resonating Chamber. 


of one millimeter pitch with a range of 40 millimeters and a head graduated 
in 100 divisions is a standard piece supplied by the apparatus companies 
and serves admirably for this purpose. A brass disk about four centimeters 
in diameter soldered to the end of the screw formed the reflector. A scale 
graduated in millimeters was also attached parallel to the screw. The 
crystal holder was a brass platform about 8 cm x 4 cm x .4 cm which carried 
a frame of cork to inclose the crystal at the sides and back. The end toward 
the reflector was left open. The top or upper electrode was a sheet of 
aluminum as big over as the crystal and about a millimeter thick. A copper 
wire soldered to the lower electrode connected it to one of the binding posts. 
The connection to the upper electrode was made by a “cat-whisker.” While 
‘in operation it is advisable to raise the reflector end of the chamber 
slightly to prevent the crystal from sliding forward. 
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A power unit for operation from an A. C. line was built as shown in 
Fig. 2. This gives a range of plate potentials from 60 to 500 volts. Crystals 
suitable for this work usually require a plate potential of from 240 to 300 
volts when a ’47 tube is used as a triode with tuned plate circuit. The 
crystal was connected between plate and grid as shown in Fig. 3. Thick 
crystals are desirable because they set more air in motion but they are more 
difficult to set into vibration. For such crystals a feed-back coil of 50 turns 
placed at the end of the inductance is important, but is not needed for 
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Fig. 2—The Power Pack. 
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smaller crystals. The capacity used varied from .0004 to .002 microfarad 
and the inductance from 4 to 14 millihenries depending upon the crystal 
used. A radiofrequency 0-100 milliammeter was used in the capacity branch 
of the tank circuit. 

When the crystal is set into vibration and the reflector moved toward 
or away from the crystal, the resonance points are readily detected by the 
reaction of the milliammeter. It is not possible to determine the exact point 
of resonance but by moving the reflector through several resonance points 
and computing the mean wavelength this error and that due to inaccuracies 
in the screw are largely eliminated. With this apparatus the following re- 
sults were obtained from a crystal vibrating at 57.6 ke/sec. 


Reflector Positions Length of 11 half-waves 
3.93 37.18 33.25 mm 
3.99 37.19 33.20 

4.02 37.25 33.23 

3.99 , 37.20 33.21 

4.00 37.27 33.27 

3.96 37.25 33.29 

3.97 37.15 33.18 

3.96 37.23 33.27 

3.97 37.08 33.11 

3.96 37.12 33.16 

Mean wave length .604 cm 


Frequency 57600 
Temperature 22.2° C 
Vt — 34790 cm/sec. 
Vo = 33460 cm/sec. 
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If inlet and outlet tubes are attached to the end pieces of the chamber 
the velocity may be measured in other gases. 

The total cost of this apparatus will not exceed $50 exclusive of the 
quartz oscillators. But the financial outlay for them need not be high if 
they are produced by student enthusiasm and patience. It is not difficult 
to build a small cutting and grinding outfit. A piece of Brazilian quartz 
can be bought for about three dollars from which crystals having frequen- 
cies as low as 40 or 50 ke/sec. can be cut. These can be calibrated with 
sufficient accuracy with a home-made frequency meter which may not add 
greatly to the cost but may require considerable patience, or they may be 
sent to the Bureau of Standards for calibration. 














Fig. 3—The Energizing Circuit. 
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Some Focal Plane Shutter Distortions 


J. H. Sammis 
Peoria High School, Peoria, Illinois 


The term “distortion” is not intended to imply something undesirable 
as we use it in this account. As a matter of fact it may well refer to a useful 
photographic effect. 

A focal plane shutter instead of exposing all of a given piece of film 
simultaneously sweeps the film with a band of light, varying in width and 
speed with the settings or spring tensions used. Because of this progressive 
exposure the image of a rapidly moving object may move across the light 
band as the band moves across the film. When image and slit in the shutter 
move in the same direction an elongation of the recorded image occurs. 
When image and slit move counter to each other there is a shortening or 
bunching-up effect. If the shutter in the camera travels upward (this usually 
occurs only when the camera is intentionally turned either up side down or 
sideways, depending on the normal direction of travel) the image is so re- 
cordéd that the moving object photographed slants backwards (bottom 
further advanced than top) and the opposite leaning forward (top further 
advanced than bottom) effect is obtained when the slit travels downward. 
The latter effect is the one usually employed by artists in suggesting ter- 
rific speed forward. 

The lantern slides used to illustrate these points were made from nega- 
tives exposed in a 3% x 4%, Graflex camera using the 1/8 inch slit in the 
shutter (to obtain as little blurring as possible) and tension number one 
(the weakest one available) to obtain the maximum distortion. This com- 
bination resulted in exposures of 1/350th of a second. The car, photo- 
graphed as the moving object, passed the camera at a distance of twenty 
feet and at a speed of 45 miles per hour. The camera was turned on its 
sides and bottom side up to obtain the four different shutter directions. 
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A Demonstration of Color Fatigue of the Eye 


Frank L. Verwiebe 
Eastern Illinois State Teachers College, Charleston, Illinois 


The sketch of Fig. 1 below shows a simple arrangement of apparatus 
which demonstrates the color fatigue of the eye in an effective and striking 
manner. A description of it is given by Sir William Bragg.’ It can be 
assembled very: readily using the ordinary friction drive rotator, a colored 
lamp, a white reflecting lamp, and a piece of cardboard properly cut and 
painted as indicated in the sketch. 








ate Cor 
ors and 
Reflector 


Fig. 1. 








If the disk is rotated in the direction shown the eye first receives green 
light from the green lamp, then white light from the white half of the disk, 
then a rest during the passage of the black portion, and so on as the disk 
revolves. At a rather low speed of rotation it is observed that the green 
lamp appears to be reddish in color instead of green. If the direction of © 
rotation is reversed so that the eye has time to rest between being stimu- 
lated by the green lamp and then the white light we see the green lamp in 


' its actual color, green. The apparent change of color of the lamp as the 


direction of rotation is reversed is striking in effect and curious to behold. 


1Wm. Bragg, The Universe of Light, Macmillan, N. Y., 1933, p. 101. 
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An explanation of this phenomenon may be given in terms of some of 
the sensation characteristics of the eye as described in detail by Luckiesh.’ 
Fig. 2 indicates in an approximate and general manner the growth and decay 
curves of the eye sensations as the disk is rotated clockwise. During the 
time that the green lamp is exposed the eye receives a green stimulus. The 
sensation of green according to the experiments described by Luckiesh rises 
from zero to a maximum and then diminishes, when the portion of the 
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retina responsive to green may be said to be fatigued. When the stimulus 
of white light next arrives, which light we will for simplicity’s sake assume 
to contain approximately equal portions of the complimentary colors red 
and green, and both of greater intensity than the green lamp, the sensation 
of red will be greater in intensity than that of the green because of the 
fatigued state of the retina in respect of green. By virtue of the retinal 
inertia the total sensation effect will be the time integral of the various color 
sensations. The sum total of the area under the green curves can be seen 
to be less than the total area under the red curve. The net effect will then 
be a sensation in which red predominates. Corresponding effects are obtained 
with red and blue lamps. 





*M. Luckiesh, Color and its Applications, D. Van Nostrand, 1927, p. 138. 
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Physics—A Service Course 


R. F. Paton 


University of Illinois, Urbana, Illinois 


A recent survey of a large number of the colleges and universities in 
this country indicates that over 18% of the students taking the general 
courses in physics are pre-medics. A similarly large percentage are engi- 
neers. Arts students furnish the largest group but come chiefly from schools 
which do not offer strictly pre-professional courses. Students who take 
physics as a part of a major in chemistry, physics, and mathematics furnish 
only 16% of the whole. The conclusion drawn from such a survey is that 
something should be done to attract more students into physics. It is the 
purpose of this discussion to point out that this attitude, common as it is, 
is essentially wrong. General college physics is largely a service course 
and the content of such a course should be determined accordingly even if 
tempted to listen only to the enthusiasms of educational technicians in 
determining the content of a course, and to emphasize the spectacular at the 
expense of the pertinent. 

Clearly since general physics is almost entirely a service course, there 
is great need to control the content to meet the demands of the professions 
requiring the subject. Distinctly important but certainly secondary are con- 
siderations of interest in presentation. Such studies as have been made indi- 
cate that the professions all desire that high standards be maintained in 
physics to the end that professional standards be bettered. Applied physics 
will continue to be taught, and properly so in professional training, as parts 
of courses such as physiology, anatomy, and surgery in medical schools for 
the prospective physician and in departments of electrical engineering, me- 
chanics, etc. for the engineer. 

In discussing what might be done to improve courses in general physics 
the following suggestions are made. Physics should stress vigorously the 
existence and nature of the elementary and fundamental laws of nature. For 
physics, of all the sciences, is uniquely able to do this. The student must 
also be trained in application of these laws in the simplest cases if he is 
to appreciate their relationships in his more complex and professional 
courses. It is the training in application of fundamental laws which survey 
courses so generally lack and for this reason their use in pre-profession 
training seems highly questionable. 

Most students preparing for a profession look on physics as a hurdle 
since it is a required course. Instructors may well indulge in propaganda 
in teaching to overcome such prejudice by giving specific illustrations of the 
use of physical knowledge in the professions. But physics might help also 
to guide the inept away from the professions. This could be done by work- 
ing out suitable tests and examinations in cooperation with the professions. 
Tests to discover the students’ ability to think as well as learn can be de- 
vised and could be used effectively in connection with traditional grades, 
lessoning the clamor for grade points and stressing more definitely special 
ability as well as knowledge and training. Some experiments conducted in 
the general physics course required of pre-medics at the University of Illinois 
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indicate the great possibilities of carefully designed examinations in dis- 
covering native ability and aptitude in students. Multiple choice questions 
are often unsatisfactory. Simple problems and definitions discover the pains- 
taking student who can learn, but who is lacking in imagination and will 
never make a successful diagnostician. A third type of examination which 
is particularly effective in uncovering independent reasoning power and 
ability involves questions which to answer require that the student be able 
to combine and use the fundamental laws and principles learned. The con- 
clusions drawn from giving all three types of examinations over a period 
of years is that no grading system is adequate, but that many students pass 
a course having accomplished quite different things and whether they be 
candidates for a professional school might very properly be further tested 
by examinations designed by professional schools cooperating with depart- 
ments of physics who teach the required courses. 

Further improvement might be made by giving courses in physics espe- 
cially designed for each professional group. But most schools cannot do this 
and since the laws of nature are after all the same, whether being studied 
by prospective engineers or doctors, the solution of this phase of the prob- 
lem seems rather to be to offer one or at most two courses in general physics 
and to aid the student in mastering the material by illustrations and prob- 
lems drawn from professional experience in the fields of the students’ 
interests. 

One further fact must be remembered. To teach a student, the in- 
structor must have training far broader than that covered by the material 
to be.taught. The instructor in physics must have specialized in that sub- 
ject. The group who specialize in physics is very small and of this number 
industry is now employing the best. There is need then to discover and 
encourage students who are taking these service courses in physics and who 
have special aptitude for the subject itself. For these few men must fur- 
nish the future teachers of the subject, and the spectacular has little place 
in their training. 

Judging by the growth in number of courses advertized to be easy and 
by the number of texts stressing the stunts of physics rather than the 
science, it is time to recall vigorously that general courses of physics are 
almost entirely service courses. As such they should suit the needs of the 
professions served, all of these professions desiring to better their standards. 
Further, these general courses might well be supplemented by special exam- 
inations designed in cooperation with each profession to test for special 
scientific ability and used in connection with grades to determine who should 
be allowed to proceed in a given career. Finally these service courses must 
discover and initiate the training of the future teacher of the subject. No- 
where here do we find a need for the easy and purely qualitative course, 
and teachers of physics should never apply the test of interest before that 
of pertinency to any material to be presented. 
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Molecular Spectra of the Alkali Hydrides 


Merrill Rassweiler 


University of Illinois, Urbana, Illinois 


AN ABSTRACT 


Work on the spectra of the alkali hydrides was begun in 1927 by John- 
son who published a brief report on NaH, but it was not until 1930 that 
intensive study of these molecules began. In that year Nakamura published 
an extensive report on the absorption and emmission spectra of LiH, and 
this was quickly followed by investigations in absorption and emmission on 
NaH and KH by Hori, and Almy and Hause respectively. Since that time 
all of these have been re-investigated and the work greatly extended. 
Lithium deuteride and sodium deuteride have also been done, and by study 
of the isotope effect the uncertainties in the v’ numbering in the excited 
states of these two molecules have been cleared up. In the spring of the 
present year the author has succeeded in photographing the absorption spec- 
trum of CsH, and is now in the midst of work on that of RbH. All the 
alkali hydride spectra so far reported are due to ‘> — ‘> transitions and 
are of the many line type showing no heads or regularities of any kind on 
casual inspection. This is due to the great overlapping of the bands, and 
to the fact that the heads are very close to the origins around which the 
intensity of the lines is very low. ° 

These alkali molecules are of particular interest as a group on account 
of some very unusual anomalies which characterize their excited states, and 
have not been found elsewhere. Before going into the details of these peculi- 
arities, however, it is necessary to say something of the experimental tech- 
nique and methods of excitation. 

Crystalline alkali hydrides are fairly easily formed by heating the 
metallic alkali in an atmosphere of dry hydrogen to temperatures ranging 
from about 300°C for NaH to about 600°C for CsH. In practice, however, 
this apparently simple procedure is greatly complicated by the active nature 
of the alkali metals, their violent reaction in the presence of moisture, and 
the rapidity with which they darken glass at even moderate temperatures. 
The hydrides are even more active than the metals, which makes it neces- 
sary to form the compound in the absorption tube itself which must then 
be of steel or nickel and not of glass. This immediately leads to wax seals 
at the ends which have to be water cooled. The resulting non-equilibrium 
condition of the vapor in the tube allows a rapid condensation of the hydride 
at the cool ends where it gathers in large cotton-like masses which soon 
choke up the tube. 

For the work on CsH a heavy walled steel tube 140 cms long was used. 
It was provided with a taper grease joint at one end through which a boat 
containing the metallic caesium under carefully dried xylol was introduced 
and pushed to the center of the heated section. This was carried out under 
flowing dry nitrogen, which was pumped off with the xylol. Hydrogen was 
then introduced through a drying train. The tube was heated with electrical 
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units so designed as to provide a higher temperature at the ends than at 
the center of the heated section in order to retard the diffusion of the vapor 
to the water jackets. Although this helped somewhat, the exposure time was 
limited to about 30 minutes at the end of which the deposit closed the tube. 

For emmission the method is to introduce the alkali metal into a water- 
cooled d.c. are burning in an atmosphere of dry hydrogen. This is accom- 
plished by drilling the lower electrode and fitting it with a plunger con- 
trolled from outside so that the metal may be introduced a little at a time 
into the arc. 

The energy of any level in a diatomic molecule in a ’= state may be 
expressed as the sum in three parts, Te contributed by the electronic con- 
figurations of the electrons in the atoms, G(v) due to the vibrations of the 
atoms, along the internuclear axis, and F(K) due to the rotation of the mole- 
cule about the common center of mass. This may be more completely ex- 
pressed in the following expression: 


E = Te + we (v + 1%) + Xe we (Vv + 1%)? + Ye we (V + H)I+.... (1) 
+ By BAK + 2) + De eC + 1)* + FL Be + Ys... 


in which w,. is the frequency of infinitesimal vibration about equilibrium, 
xewe (usually positive) accounts for the anharmonicity, By, is inversely 
proportional to the moment of enertia of the molecule, and D, accounts for 
the stretching of the molecule under central forces. B, depends upon v 
according to the relation 


‘By = Be -a. (v + %) + Ye (v + %)2 + ....00ee (2) 


in which B,. is the extrapolated value of B, and is equal to ————,, I. being 
872cl, 


the moment in inertia of the non-vibrating molecule. a, is usually a positive 
quantity. 

In general the vibrational levels are quite accurately expressed by the 
first two terms in the vibrational quantum number v, and B, by the first 
two terms of (2). This is also true for the ground states of the alkali 
hydrides, but in the excited states this is far from correct. Fifth degree 
polynomials are necessary in both cases even for fairly low quantum numbers 
as the curves representing AG(v + %) = G(v + 1) — G(v) plotted 
against v, and By, plotted against v both fall off steeply for values of v less 
than 6 or 7. This would seem to indicate in the latter case that the molecule 
expands as it shrinks since the moment of inertia suddenly starts to increase 
as the vibrations become smaller and smaller. 

This peculiar behavior has been explained on the basis of a sort of 
rotational uncoupling, but this theory which never did explain the anomaly 
in the vibrational levels, has lost most of its support with more complete 
knowledge of the hydride spectra. 
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Micro-photographs of Single Crystals of Dilute 
Solid Solutions in Zinc* 


H. E. Way, John DeVries, and C. L. Furrow 
Knor College, Galesburg, Illinois 


The perfect or ideal single crystal is an orderly arrangement of the 
atoms so located as to form some type of geometric model. If the material 
of which the single crystal is composed is perfectly pure, the atoms are 
so located as to form a perfect lattice regardless of the plane considered. In 
the case of pure zinc, the “building blocks” are of the hexagonal close packed 
variety. Such qgystals have the usual single crystal properties of being 
easily bent or strained. They also cleave quite easily along the most densely 
populated plane which is at right angles to the principal axis. The atoms 
are so located as to make their total energy a minimum giving them a 
rather stable equilibrium as shown by the fact that their lattice pattern is 
apparently unaltered by various annealings and quenchings from near the 
melting point. 

In order to get zinc to crystallize in the single crystal state Hoyem and 
Tyndall’ have.found that there are, generally speaking, two factors which 
enter the “building up” or “growing” of the crystal. These two factors 
are rate of growth and temperature gradient, and they have worked out, 
experimentally, a necessary ratio between these two variables for successful 
growth. - 

Single crystals of other elements have been grown successfully. All 
of them have their characteristic “model”. In the case of copper, like many 
others, this model is cubic. 

It is practically impossible to obtain a sample of zinc which is perfectly 
pure. The purest zinc’ obtainable which is exceedingly pure will contain 
amounts of impurity of the order of Fe 0.002 per cent, Cd 0.0008 per cent, 
Pb 0.0047 per cent, Cu 0.0002 per cent, Co, Ni, Al, 0.000 per cent. Thus 
from a practical point of view, we are dealing in the study of single crystals 
of the so-called pure zinc with zinc atoms occasionally replaced in the 
lattice by some foreign atom. There has been considerable discussion as 
to how such an impurity will replace the zinc atoms in the lattice. 

The problem has previously been approached from many angles. 
This paper presents an attempt to throw some light upon this question by 
a micro-photographic analysis of single crystals of zinc containing known 
small amounts of various impurities. 

Inclusion of impurities in the perfect zine lattice might be a perfectly 
random replacement of the zinc atoms by the foreign atom. This could 
happen if the concentration of one in the other was very small. The two 
elements crystallize in different forms in their own pure state, as in the 
case of copper (cubic) and zine (hexagonal close packed). 

The impurities might also go into the lattice in the form of layers. 
That is, during the growth of the crystal, the one having far greater con- 
centration might go into the lattice until the concentration of the more 


* Contribution from the Physics, Chemistry, and Biological Laboratories of 
Knox College. 
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dilute one has reached a point where it will “throw” a layer into the crystal. 
In such a case, one would expect this layer to take the crystalline form of the 
pure element. This would mean that at the line of demarcation, a new type 
of crystal would come into existence having a different form entirely. One 
might also find eutectics within this layer. Or, the layers formed might 
be more or less regular in the form of dendrites. Such a crystal could 
not properly be called a pure single crystal, although it would take high 
magnification to show it. ; 

A set of micro-photographs has been prepared. This set made from 
single crystals of Bunker Hill (B. H.) zine to which had been added small 
percentages (.5 per cent or less by wt.) of Cu, Au, Ag, and Fe. The 
crystals to be photographed were carefully cleaved and then etched from 
1 to 3 min. in a 5 normal solution of HCl. They were then placed under 
a Zeiss micrograph with their cleavage planes held horizontally and illu- 
minated by a single source of light at an angle of about 25 degrees with 
the horizonfal. The microscope used was a Spencer No. 3 with an apochro- 
matic objective giving a magnification of x38. The film found to be most 
satisfactory was the super sensitive panchromatic type. 


DESCRIPTION OF FIGURES 


Figure 1 shows a cross section of the polycrystalline pure B. H. zinc. 
The single crystals tend to form along the temperature gradient, that is 
from the outside toward the inside. 

igure 2 shows the cross section of a polycrystalline sample of the B. 
H. zine containing .125 per cent Cu by weight. The small single crystals 
forming this polycrystalline slab are smaller indicating growth conditions 
were not so gocd for the mixture as for the pure zinc. 

Figure 3 shows the unetched cleavage plane of the pure zinc crystal. 
The lines crossing at an angle of 60° to each other are probably strain lines 
along the minor axis. 

Figure 4. Photographed perpendicular to the cleavage plane. It shows 
the junction of two single crystals coming together. The grooves so formed 
indicate a “structural line” growth. Such a formation has been previously 
shown but has not to date been satisfactorily accounted for. 

Figure 5. Photographed perpendicular to the cleavage plane. It con- 
tains .125 per cent gold and shows a general scattering of gold through 
zinc with slight tendency to collect along an axis. This may well be a slip 
in the plane caused by the gold. 

Figure 6. Same with .25 per cent gold. Shows same as 5 only more 
pronounced. They appear as indentations, but are most likely the same as 
the preceding one. 

Figure 7. .5 pér cent gold. Same as the two preceding ones only con- 
taining .5 per cent gold. This shows a tendency to form a pattern which 
might be interpreted as meaning that as the concentration reaches a definite 
point, there is no longer a random displacement but rather a tendency to go 
into certain favored spots in the lattice. 

Figure 8. Photographed perpendicular to the cleavage plane. The zinc 
crystal contained .125 per cent silver. It shows a general tendency to 
form along one minor axis with slight amount along the other. The grain 
of the crystal is quite fine. If these are crystals of pure silver, certainly 
silver does not readily form single crystals in the range of conditions of this 
experiment. This is easily understood for experimentally zinc containing 
silver was difficult to “grow” into single crystals. So far it has been im- 
possible to grow such a crystal of low orientation. 
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Plate I|.—Micro-PHOTOGRAPHS OF SINGLE CRYSTALS oF DILUTE SoLip 
SOLUTIONS IN ZINC. 
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Figure 9. The same as 8 except .25 per cent Ag. Tendency to go along 
the minor axis more pronounced and lines much finer. 

Figure 10. Same as 8 and 9 except .5 per cent Ag. Finer lines yet— 
more breaking up. Not so symmetrically placed along the axis. 

Figure 11. This figure was taken at right angles to the cleavage plane. 
It contains .125 per cent Cu. There is a very definite tendency to collect 
along an axis. The crystals containing this amount of copper were not so 
hard to grow. : 

Figure 12. Same as 11 but containing .25 per cent Cu. Tendency to 
collect along axis not so noticeable. Crystals more critical of growth con- 
ditions and correspondingly difficult to grow. 

Figure 13. Same as 11 and 12 but containing .5 per cent Cu. Nearly a 
random distribution—Extremely difficult to grow. 

Figure 14. This crystal contains .005 per cent Fe. Has many peculiar 
properties. The iron has an abnormal effect on the resistivity and tempera- 
ture coefficient of the crystal. It is extremely easy to grow. It gives a nice 
pattern indicating a tendency to take a favored spot in the lattice. 

Figure 15. Same as 14 but has .01 per cent iron. Shows effect of con- 
tinued etching. Part has been etched longer than other part. 

Figure 16 shows a crystal containing 0.005 per cent nickel viewed per- 
pendicular to the plane of cleavage. 


DISCUSSION AND CONCLUSIONS 


‘There seems to be very close correlation between range of “growth 
conditions” and pattern of the photo-micrographs. Where a definite “pattern” 
appeared on the photograph, the crystal was easy to grow in that the 
temperature gradient and rate of growth had a comparatively wide range. 

This can be accounted for on the theory that the foreign atom takes a 
preferred position in the lattice. If the concentration is of just the order 
that the right number of foreign atoms are present to fill in these preferred 
positions, the crystal will grow as a single very nicely. This would probably 
give some distortion to the space lattice which might be detectable with 
X-rays. 

If the concentration exceeds this critical value, the impurity will in 
some cases build up the necessary concentration to throw into the lattice a 
layer of its own thus breaking up the single crystal. Undoubtedly the various 
impurities do not go into the lattice the same way and it is certainly true 
that they do not have the same growth range even for the same atomic 
concentration. 

It seems probable that in the case of iron which gives such a good 
pattern and is also easily grown that these characteristics are in some way 
related to the abrformal resistivity‘ and temperature coefficient. 
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The program of this Section carried eight papers, five of which are here 
represented. The others are: 

Problem of Learning in Small High Schools, by S. A. Hamrin, North- 
western University, Evanston. 

Our Young Adults Challenge the Doctor, by Mila Pierce, Northwestern 
University School of Medicine, Evanston. 

A Configurational View of Learning, by J. E. Thomas, Illinois Wesleyan 
University, Bloomington. 
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The Teaching of Community Civics Through 
Areas of Interest 


Robert S. Ellwood 
Illingis State Normal University, Normal, Illinois 


The status of community civics is at present one of instability and 
uncertainty. It is taught in all grades from the sixth through the tenth. 
Emphasis may be placed on social, economic, or political civics. Community 
civics is generally taught as a textbook course by the formal recitation 
method by teachers with no special preparation or training. 

In developing a course in community civics, two criteria may be used. 
They are, first, does it attempt to meet the social needs of students, and, 
second, does it appeal to the interests of adolescent children? 

The social needs may be stated as being somewhat as follows: first, the 
development of socially adjusted boys and girls who are capable of recog- 
nizing individual and group problems; who are able to see and judge the 
various ways of solving these problems; who are able to cooperate in group 
activity; who are considerate of other people’s needs and opinions; who 
are able to plan, execute, and evaluate individual and group activities; and 
who may be depended upon to do a careful, honest, and workmanlike piece 
of work; second, the development of boys and girls who possess wide inter- 
ests and the desire and ability to follow some of them through; and, third, 
the development of boys and girls who are able to appreciate the mental 
and physical work of others. 

It will be seen that these social needs are stated not in the form of 
subject matter to be learned or materials to be covered, but in the shape of 
abilities, attitudes, and appreciations to be acquired. 

When Arthur W. Dunn of Indianapolis developed the first course in 
community civics from 1907-10, he attempted to teach directly the social 
needs of the community such as those stated in his welfare list: health, 
protection of life and property, recreation, education, civic beauty, wealth, 
transportation, migration, charities, correction, and government. These 
objectives were to be met by the learning of facts, through study of text- 
books, and to some extent, at least, through first hand study of community 
institutions. Abilities and appreciations were to be incidental acquisitions. 
In was hoped that they would be acquired vicariously through study about 
what adults were doing in meeting those social needs. Work was made some- 
what interesting through imitative activities such as organizing “city 
councils,” holding mock elections, and occasionally “running the city” for a 
few hours. 

In following this procedure, it was assumed that adolescent interests 
paralleled adult interests, and if they didn’t, it was the fault of the adoles- 
cents. Certainly all citizens, children and adults both, are dependent upon 
the efficient management of the city, and surely that should be one of their 
interests. But is that an adolescent interest? Is the city government one 
of his responsibilities? If it is not, then it certainly is not something that 
we can expect him to become greatly excited about. 





278 Illinois State Academy of Science Transactions 


What are the social interests of high school freshmen? An attempt 
was made to determine the interests of a group of over a hundred of this 
year’s freshmen in the University High School in Normal. The major areas 
of interest revealed by this study were sports and games, movies, travel. 
hobbies, vocations, social adjustments, school life orientation, club activities, 
and current events. These may be legitimately considered as the basis for a 
course in community civics for these students, at least. 

The nine areas of interest under consideration may be thought of as 
continuous participation types of activity. They are not things that can 
be “studied” for two weeks and then dropped while something else is 
studied for another period of time. Neither are they cloistered studies. 
They demand activity both within and without the classroom. 

Let us briefly consider one of these areas of interest.to see how a pro- 
gram of activities may be worked out. The hobby unit will consist, first, of 
about two weeks’ study of the need and place of recreation in American life 
and of the part hobbies play in one’s recreational program. During this 
time, a survey of hobbies already being carried on by the members of the 
class should be made. General hobby magazines and magazines related to 
special hobbies should be available for reading. 

Students who do not have hobbies should be encouraged to adopt a 
hobby to follow for the remainder of the school year. People in the com- 
munity who are engaged in similar hobbies should be contacted and their 
assistance solicited. A hobby survey of the community may also be made 
as a class project. Talks and exhibits by hobby enthusiasts in the com- 
munity should be a part of the class work—as may also class or group 
visits to hobby shows. 

After the preliminary study of hobbies has been made, the work should 
be carried on intermittently throughout the remainder of the year. Hobby 
projects will be reported on by some of the class. Special days may be 
given over to hobby reports and discussions. The work may easily be inte- 
grated with many other departments of the school in which special interests 
of students may develop into hobbies, such as science, industrial arts, home 
economics, physical education, etc. One or more hobby clubs may develop 
from the work in this unit, thus providing continuous mediums through 
which interest in hobbies may be expressed. 

By way of summary, such a program worked out for each of the nine 
areas of interest has certain definite characteristics and advantages. 

1. The program should develop an increased willingness and ability 
on the part of the students to participate actively in such community activi- 
ties as adolescents normally engage in. 

2. It is based on student interests, provides for individual differences, 
and makes individual purposing, planning, executing, and evaluating a promi- 
nent part of the wofk. 

3. The program makes possible the acquiring of new and vital 
interests by the pupils. 

4. It provides for integration of activity among the many different 
departments of the school and for active participation throughout the year 
in the various activities. 

It is hoped that through a program such as this adolescents will learn 
to do better the things they are going to do anyway—through learning to do 
better many of the things they are now doing. 
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The High School as Viewed by Some of its 
Recent Graduates 


Emma Reinhardt 


Eastern Illinois State Teachers College, Charleston, Illinois 


Purpose. The purpose of this paper is to present the opinions of a 
group of recent high school graduates on certain questions pertaining to the 
following topics: (1) the high school curriculum; (2) extra-curricular 
activities in the high school; (3) help given by the high school in eight 
fields related to the development of personal traits or the solution of personal 
problems. 

Source of data. In order to secure the opinions of recent high school 
graduates, a questionnaire was submitted to 453 college students—153 men 
and 300 women—enrolled in the Eastern Illinois State Teachers College, Knox 
College, James Millikin University, and Bradley Polytechnic Institute. The 
distribution of students by classes was as follows: freshmen, 171; sopho- 
mores, 185; juniors, 59; and seniors, 38. 

The students were graduates of representative high schools in 56 
counties in Illinois, and of high schools in eight states other than Illinois. 
Both large and small high schools were represented. 

Limitations of the data. It is recognized that the answers of the 
students are merely expressions of opinion. However, the statements are 
apparently sincere and worthy of‘consideration. Possibly the opinions of a 
group of graduates might be somewhat more favorable to the high school 
than would be those of a group who left high school before graduation. 


SUMMARY 


1. Opinions concerning certain questions pertaining to the curriculum. 
At the time the questionnaire was given, 58 per cent of the students 
regarded the subjects studied in high school as decidedly valuable. At the 
time they were in high school only 40 per cent considered the subjects 
closely related to their needs and interests. 

English led in frequency of mention as the best liked, the most valuable, 
and the easiest subject. Mathematics led in frequency of mention as the 
hardest and the least liked subject. Foreign language led in frequency of 
mention as the least valuable subject. 

The chief reason for liking a subject was the intrinsic interest of the 
subject matter, while the chief reason for disliking a subject was its diffi- 
culty. The principal reason for considering a subject valuable was its rela- 
tion to the problems of every day life, while the principal reason for not 
considering a subject valuable was its lack of relation to the problems of 
every day life. The leading reason for considering a subject easy was the 
intrinsic interest of the subject matter, while the leading reason for con- 
sidering a subject difficult was uninteresting subject matter. 
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Twenty-nine per cent of the students thought that there was decided 
overlapping between the subjects that they had studied in high school and 
college. Laboratory sciences led in frequency of mention as the subjects in 
which there was most overlapping. 

Sixty-eight per cent of the students thought that there were certain 
subjects in which their high school work gave them an unusually good 
preparation for certain subjects studied in college, while 52 per cent thought 
that there were certain subjects in which their high school work failed to 
prepare them well for certain subjects taken in college. In both cases 
English led in frequency of mention. 

The following subjects were mentioned twenty-five times or more as 
subjects that students wanted but that were not offered: commercial sub- 
jects, foreign languages, home economics, industrial arts, art, and music. 

2. Opinions concerning certain questions pertaining to extra-curricular 
activities. Sixty-nine per cent of the students thought that extra-curricu- 
lar activities received about the right amount of emphasis in their high 
schools. Twenty-six per cent thought that activities received too little 
emphasis. Speech activities led in frequency of mention as not receiving 
enough emphasis. Five per cent thought that activities received too much 
emphasis. Athletics led in frequency of mention as receiving too much 
emphasis. 

Forty-seven per cent of the students thought that teachers in their high 
schools favored athletes, while 53 per cent thought that teachers accorded 
athletes the same treatment as other students. 

3. Opinions concerning help given in eight fields related to the develop- 
ment of personal traits or the solution of personal problems. In the eight 
fields — social conventions, health, citizenship, character, use of leisure, 
appreciation of music and art, educational guidance, and vocational guidance 
—about which students were asked, the percentage of students who thought 
that they had received valuable help ranged from 24 in the field of vocational 
guidance to 55 in the development of character. The help that students 
received in the eight fields was given largely through various school sub- 
jects, extra-curricular activities, and personal interviews. 
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Suggestive Data Concerning the Etiology of 
Behavior Problems 


Martin L. Reymert and Harold A. Kohn 
The Mooseheart Laboratory for Child Research, Mooseheart, Illinois 


The Laboratory began the investigation into the etiology of behavior 
problems in 1932 by selecting twenty-five of the most maladjusted boys at 
Mooseheart and matching this group for age and sex with a selected group 
of the twenty-five most perfectly adjusted individuals in the community. 
These same children were re-investigated in 1936. 

Very recently sixteen of the most maladjusted boys having been 
referred to the clinic for rather gross behavior difficulties, such as temper 
tantrums, pilfering, quarrelsomeness, exhibitionism, etc., were matched for 
age and sex with sixteen individuals considered as exemplary by teachers, 
matrons and supervisory officers. The age range is from 11 through 17 years 
for this group. While our group, as may be seen, was relatively small in 
number, it was carefully selected and matched. With the additional fact 
that the investigation stretches over a period of five years, we hope that 
we have arrived at some rather reliable and suggestive data. 

The environmental factors surrounding the child during his residence 
at Mooseheart are the same for all children. The population may be con- 
sidered as a typical cross-section of American children. They are of middle 
class parentage and by actual measurements are mentally and physically 
en par with the average American child. They are admitted to Mooseheart 
upon the death of the father, when pressing economic need is evident, and 
stay until high school graduation at an age of 18%. 

Our two previous investigations disclosed that problem boys enter our 
community at a much earlier age than do the non-problem group. While 
44% of the problem group had entered before 4 years of age, only 12% of 
the non-problem group had done so. We now find 69% of the problem group 
have entered Mooseheart before the age of 4, while this is not true for any 
in our non-problem group. 

It has been the conclusion of many field investigations that the loss of 
the mother was a more serious factor in the production of behavior difficul- 
ties than was that of the father. At Mooseheart, all children have lost the 
father. While the mother in many cases resides at Mooseheart as an 
employee, she has no jurisdiction whatsoever over the school and home train- 
ing of her own children. 

The two previous Mooseheart investigations have indicated that while 
only 12% of the problem boys have their mothers living at Mooseheart, 28% 
of the non-problem group have their mothers in residence. The present study 
bears out this finding; it is to be noted that approximately the same ratios 
are found. While 19% of the problem boys’ mothers reside at Mooseheart, 
50% of the non-problem children’s mothers are at Mooseheart. It would then 
appear that in this situation some other factor than direct maternal care 
‘and supervision appears to be influencing the result. 
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The occupational status of the fathers and the cause of the father’s 
death do not serve to distinguish between the groups.’ The nationality of 
the parents does not appear to be important in this connection with the 
exception of the fact that while 32% of the problem group is of mixed 
national parentage, only 8% of the non-problem group can be so considered. 
In a random sample of 300 children only 20.38% were of mixed national 
parentage. 

Intelligence appears to be an all-important factor in adjusting the child 
to his environment. Using Terman’s’ classifications, we find that while only 
25% of the behavior problem group is of average or above average intelli- 
gence, 62% of the non-problem group are inside this classification. Further- 
more, 37% of the behavior problem group possess I. Q.’s of 79 or below, 
while none of the control group is as low as this. Seventy-five per cent of 
the problem group have I. Q.’s of 89 or below, as contrasted with 38% of 
the control group. 

There does not appear to be any difference between the groups as 
regards the number of siblings. This may have a possible explanation in 
our situation, in the fact that children do not live in family groups 
after entrance to the institution, but rather in age and sex groups averaging 
about 16 to 20 in each individual hall. 

Thurstone and Jenkins*® found with a group of 101 children that the 
first-born were problem cases in a disproportionately high frequency. The 
two previous investigations as well as the present study indicate that there 
is actually a larger proportion of first-born non-problem children than of 
problem children. There are 13% first-born problem children and 31% 
first-born non-problem children. In an environment such as Mooseheart, 
where the child enters at an early age and remains for a number of years 
under similar home, educational and social conditions, the factor of order 
of birth appears to play a small role in the development of behavior 
disorders. 

Since the child’s school placement is of paramount importance in his 
ability to adjust, the Metropolitan Achievement Examination test scores 
were examined for possible differences in this regard between the groups. 
The actual school placement was checked against the Metropolitan general 
level of achievement. Each individual was then placed in one of three 
categories: at correct grade level, above grade level, below grade level. 
While 8% of the non-problem group are above grade level, 50% of the 
problem group fall within this category. Thirty per cent of the problem 
group are at correct level, as against 72% of the non-problem group. There 
are 20% in each group below grade level. 

In checking the possible bearing of enuresis* upon the problem of 
behavior disorders, no significant differences were found as regards the 
amount of behavior, disorders as found in all children and that found among 
33 actively enuretic boys and 10 actively enuretic girls. This is in agree 
ment with the low correlations found by Ackerson and Highlander* between 
enuresis and the number of conduct and personality difficulties. There is no 
significant difference between the average ages of problem and non-problem 
male and female enuresis. It is perhaps interesting to note that both boy 
and girl non-problem enuretics spend more time at the hospital than do 
the problem cases, and that there is a significantly greater percentage of 
problem boys in the group who have ceased being enuretic, as contrasted 
with no such significant difference for the female cessation cases. It is 


* We find 8.71% of the total boy population enuretic, as contrasted with only 
3.48% of the girls. Blatz® and others are of the opinion that sex differences are 
unreliable, since parents are reticent about reporting girls for treatment. In the 
present study, material is gathered by daily objective telephone solicitation and 
mothers do not reside in halls with their children, 
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possible that the explanation resides in the sympathetic attention afforded 
the enuretic girl, and possibly not given to the same extent to the male. 

It is possible that the enuretic boy through social pressure, or some 
other factor, stops being enuretic, but adopts some other form of aggressive 
behavior capable of restoring his social prestige, such as lying, bullying, 
stealing, etc. Since the enuretic girl might not be subjected to these social 
pressures and ridicule to the same degree, she may not experience the need 
for developing these aggressive forms of behavior. 

As regards hearing and speech difficulties in the growing child, Dr. 
Carrell of this Laboratory’, in his partly published Ph. D. thesis, found 
indications that such difficulties at times were associated with general 
behavior disorders. 

It is popularly acceded that the time of menarche produces serious 
trauma in certain instances which are reflected in the subsequent behavior 
of the girl. The median menarcheal ages of 19 behavior problem girls does 
not differ significantly from the median menarcheal age found for the entire 
group of 68 cases. The behavior problem girls, too, did not differ signifi- 
cantly in the number of months they were removed from the time of the 
first menstruation when contrasted with the entire group. 


SUMMARY 


Through investigation over a five-year period in the Mooseheart 
Laboratory on the same behavior problem child matched in age and sex 
with control groups, the following was found: 

The father’s occupation, cause of death, number of siblings, and order 
of birth did not serve to distinguish between the behavior problem and the 
non-behavior problem child. 

Age on admission, the status of the mother, nationality of the parents, 
intelligence, placement in the school system were differentiating criteria 
for the two groups. 

No significant differences are " apparent as regards the amount of the 
behavior problems found in the general population and those found among 
actively enuretic children. 

There is a significantly greater percentage of problem boys in the group 
who have ceased being enuretic, after having suffered from this ailment 
for a number of years. 

There are no differences as regards age at menarche and the behavior 
disorders in girls. 

The above summary conclusions are based upon a mass of hitherto 
unpublished data; specific investigations are now being prepared for 
publication. 
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Personnel Methods and the High School Student 


C. F. Malmberg 
Illinois State Normal University, Normal, Illinois 


In a recent survey of Illinois high school positions, there are found 
several positions listed that are distinctly designed to study the indi- 
vidual student. Among these positions are: personnel director, deans of 
boys and deans of girls, vocational advisors, and visiting teachers. The fact 
that the number of such positions are on the increase shows a greater trend 
toward personnel work in the organization and administration of our high 
schools. Some of this work is carried on in many schools by home room 
advisors and principals. 

In some schools no attempt has been made to organize work to include 
a careful and scientific study of the individual pupil, while in others, per- 
sonnel work concerns itself with extreme problem cases. Some schools 
offer courses to acquaint the student with occupations. In all of our high 
schools there is some vocational advice given in connection with the stu- 
dent’s choice of courses within the curriculum. As the objective of the 
modern high school is the development of a socialized individual ready to 
accept his responsibility as a citizen of a democracy, it is evident that 
every high school student would derive benefits from carefully planned 
personnel work. Increasing social interrelationships calls for a greater 
attention to personnel work in our high schools. 

Modern psychology is developmental in its viewpoint, interested in 
the growth of the individual, physically, socially, mentally. Attention to 
standards of accomplishment in subject-matter is only one of the factors of 
modern education. A modern school program should be designed and 
organized so as to contribute to and to emphasize the development of social 
adjustment. 

To accomplish its aim of leading adolescent youth to an understanding 
of himself and society, the personnel work of the high school must include 
the whole individual, his physical development, his intelligence level, his 
aptitudes and interests, his friendships, and his attainments in extra- 
curricular activities. Recent studies have revealed that these factors are 
more significant in some cases in predicting success than even scholarship. 
Personality has been defined as the sum total of our experiences, and we 
must reckon with personality, the result of all of the forces the environ- 
ment contributes to the development of the individual. We have often 
failed to understand and correct misconduct of the adolescent because we 
have not taken into consideration his whole personality. If we hope to 
succeed in understanding our high school student, we must follow the case 
study method. Personnel work requires that information be gathered in 
some organized form that is a cumulative file of the student’s background, 
including the physical and medical history of his family, a knowledge of 
the educational attainments of his parents and a progressive record of 
his own education achievements, and the emotional and social character- 
istics of his parents as well as of himself. The personnel worker must be 
a person who is sympathetic but not sentimental, one who is interested 
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in people, and elicits in others an attitude of confidence so that they will 
reveal to him their ambitions and interest. He must be acquainted with 
measurements and how to interpret them. The successful personnel worker 
believes in research work and scientific measurement and is not satisfied 
with mere opinion or guesswork. 

The interview with the student should contribute a period of talking 
by the student and of listening by the interviewer, with just enough direc- 
tion to bring out significant information. Training can help the teacher 
develop a professional attitude, an attitude that is based on a knowledge 
of human nature and on the possession of skill in using methods of acquir- 
ing significant facts concerning any individual. 

It is an encouraging sign that our high schools are cognizant of the 
importance of making personnel work more efficient. Some high schools 
have begun to develop organized systems with trained personnel, and 
others are selecting staff members for this work and encouraging them to 
train themselves for the same. 

In order to determine more specifically what type of personnel work 
the high schools in the territory served by Illinois State Normal University 
are doing, a group of 86 students representing various schools in this terri- 
tory were asked for information concerning personnel work in their various 
high schools. Information was requested in regard to: biographical inven- 
tory, intelligence tests, survey achievement tests, adjustment or social 
adaptation tests, courses or greup meetings on occupations and vocations, 
and vocational guidance or personal advice. 

A general summary of the representatives’ responses to this question- 
naire, representing the small, the average, and the large high school, indi- 
cates types of personnel work accomplished in such schools as follows: 

In high school A, with an enroliment of 49 students, most of the coun- 
seling was done by the teachers and the principal. No vocational guidance 
courses were reported. 

In high school B, with an enrollment of 400 students, the dean of 
women was the main source of counseling. No inventories, intelligence or 
achievement tests or adjustment tests were reported. 

In high school C, with an enrollment of 1,942 students, the counseling 
was taken care of by the principal, assistant principal, dean of men and dean 
of women. The tests given were not regarded of importance, as the students 
were not aware of their being used for a definite purpose. Of course the 
above represents the students’ reactions and may not indicate accurately 
how the teachers use some of this personnel data gathered. However, we 
do know that often, too little use is made of personnel data, on file and 
available for use. 

In conclusion, allow me to give an illustration of one of our smaller 
high schools that is attempting to meet the demands of our modern high 
school for more efficient personnel work. In this high school, attention to 
four criteria is indicated in their records. These records include a bio- 
graphical survey, a social adaptation rating, intelligence levels, and scholar- 
ship standings. 

The biographical survey includes five parts: (1) An account of family 
and home environment; (2) physical record; (3) school life and activities; 
(4) social and outside activities; and (5) future plans. The social adapta- 
tion rating is determined on the basis of scores on the Bell Adjustment 
Inventory, which provides four separate measures of personnel and social 
adjustment, namely: Home adjustment, health adjustment, social adjustment 
and emotional adjustment. ‘The validity of the Bell Adjustment Inventory 
was determined through correlations with four other well known personality 
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scales. Terman’s Group Test of Mentality served as a basis of obtaining the 
mental levels, and the scholastic record was established through the Sones- 
Harry Achievement Test. 

The principal of this high school advised me that these data were 
used to an excellent advantage in making adjustments at the beginning 
of the school year. This small high school has made an excellent begin- 
ning, which in time will undoubtedly contribute much in directing the 
development of the individual in this school, so that he may become an 
efficient member of our democratic society. More consistent and unified 
programs of personnel work should be one of the aims of major concern in 


organizing and in directing the learning activities of the modern high 
school. 
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The Use of Supervised Study in High School 
Biology 


Blanche McAvoy 
Illinois State Normal University, Normal, Illinois 


The study of life is essentially interesting to all adolescent children and 
it is no credit to the biology teacher who can make the biology class interest- 
ing. However, it is a tragedy for the biology class to be uninteresting be- 
cause there is nothing like a boring class to kill all the native interest that 
all children have in living things. 

Biology must the study of life, with living materials in the hands 
of the children wherever this is possible. If living material is to be used, 
then the course must be planned so that living material may be obtained 
easily at the time when it is to be presented. This means that the course 
is to be a seasonal one that can be easily adapted to the local and seasonal 
needs of the community. 

It means, moreover, that books are to be used for reference wherever 
information can not be obtained from the materials. This demands that 
there should be a great many kinds of texts and other reference books 
available for the pupils to use when they need more information than it 
is possible for them to get from the materials in their hands. There needs 
to be no basic text. No child should be allowed to read about the material 
before he has studied the material because the child should be trained to 
know rather than to know about the object or experiment that he is studying. 

From the stand point of the teaching value, materials may be arranged 
in the following order. Material for study should be: 

1. alive, if possible, 
2. or freshly killed, 
3. or carefully preserved, 
4. or museum material, 
5. or demonstrations and experiments set up by the pupils, 
6 
7 
8 
9 


= 


or slides made by the class, 
or demonstrations set up by the teacher, 
or chalk drawings on the board, 
or models made by pupils or teacher, 
10. or good movies, 
11. or prepared slides, 
12. or commercial models, 
13. or lantern slides, 
14. or pictures on the bulletin board, 
15. or commercial charts, 
16. or reading material from many texts rather than from one text. 
From this list it can be seen that pupil activity is to be stressed and 
teacher and commercial activities are to be used only as a last resort. A 
movie may be excellent and in fact invaluable in some types of teaching, 
but in biology it is always best to use actual material if possible. 
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If our philosophy says that we are to teach children to know rather than 
to know about biological materials, then we must carefully supervise the 
study of the children if we are to accomplish the most in the shortest time. 

This can be done best without any home assignments. The results and 
conclusious of all work are recorded in a loose leaf notebook and these 
notebooks should not be allowed to go out of the class room until the work 
has been completed and graded. The reason for this is that by having 
all work done in the class room under the direction of the teacher, indepen- 
dent thinking may be stimulated and honest individual results may be 
insured. 

It is needless to say that this type of teaching requires the greatest 
of care in the long time and in the daily planning. This type of teaching 
requires the creation of fine morale because without excellent morale and 
excellent cooperation from the pupils the necessary freedom that must exist 
in a thoroughly socialized class would not be possible. All the freedom that 
is consistent with good work must be allowed. 

The methods that are used in supervised study in biology are many. 
The method used must depend on the class, the material studied, and the 
teacher who is teaching the class. 

One way is for the class to be provided with material; for instance, 
grasshoppers, and with a sheet of directions. In this type of study the 
pupils are told in carefully prepared sheets what to do and how to look 
for the parts that are to be seen. Here the pupils should be taught to follow 
directions. Wherever there is anything that is hard to see or understand 
the teacher should be available to give individual help. In the study of the 
grasshopper, there is so much of interest in the external anatomy and in 
the life cycle that no internal dissection need to be done. 

Another type of supervised study is used in a lesson where the class 
sets up cultures of bacteria in order to find out about the relative values of 
some of the commonest means of controlling the growth of bacteria. In 
such a lesson the pupils take turns in pouring the agar and inoculating 
the plates with a spreader. The plates are marked and treated in different 
ways, such as being treated with alcohol, kept on ice, treated with steam 
under pressure, etc. The next day the results are discussed and the conclu- 
sions are formulated in a class discussion. From the lesson the values of 
physical and chemical controls for the growth of bacteria are listed. The 
lesson is then written up in the notebook. 

Sometimes the lesson is one in which no materials can be handled but 
the lesson must be learned out of a book. If such a lesson is very difficult 
as is the lesson on the way living bodies control the growth of bacteria, 
then the pupils take turns at reading and discussing the printed material. 
Then outlines of the material are worked out by the class and put in the 
notebooks. F 

Sometimes a lesson involves the silent reading of material and the giving 
of individual reports. The lives of Pasteur, Walter Reed, etc. may be 
handled in this way. No work is done outside the classroom, however. 

Another type of lesson consists of the cutting and staining of cross sec- 
tions of the twigs of the linden. After the slides have been made they are 
studied and discussed with diagrams on the board by members of the class. 
These diagrams are erased before the class begins to make records in the 
notebooks from the microscopic study of their slides. 

When we are studying the way fish get their air we may use the heads 
of freshly killed fish that we obtain from the fish store. With these we can 
examine the gills carefully and with a class discussion get a very clear 
understanding of the way oxygen enters the blood of the fish. 
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Birds are studied on field trips. Trees are also learned in the field. 

Human physiology is always tied up with the structural study of organs. 
Hearts, kidneys, etc. may be obtained at local meat shops or from farmers 
who have butchered. 

The action of saliva on starch may be shown with saliva that some of 
the pupils obtain and filter and bring in. 

A study of the local milk supply may be made with the curd test. When 
many samples of milk have soured the curd may be studied and the results 
recorded on the board. The conclusions as to the causes of gas in the curd 
and bad odors in the milk are applied to the everyday use of milk in the 
home. 

Before a written examination or test is given, there is a thorough re- 
view in which work is organized and all points cleared up. 

This type of teaching keeps a teacher very busy because material must 
be kept up to date. Of course, the pupils will bring in much that can be 
used and if group morale be good, the class can be guided in the care of the 
room. 

Of course if all classes in a high school were taught with supervised 
study, there would be little value of study halls and without study halls 
the program would be inflexible. However, in some courses where much 
reading is necessary as in English literature and in history, the study hall 
time can always be used. But the pupils are generally glad to have one or 
two courses where no outside assignments are made. 
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PAPERS IN ZOOLOGY 





Extract From THE REPORT OF THE SECTION CHAIRMAN 


The program of the Zoology Section carried fifteen papers, of which 
eleven are here represented. The others are: 

Some Game Management Principles as Applied to Orchards, by Harry 
E. Gearhard, U. S. Department of Agriculture, Soil Conservation 
Service, Edwardsville. 

Studies on the Life Cycle of Loxogenes arcanum, a Trematode 
Parasite of Frogs, by W. W. Crawford, Blackburn College, Carlin- 
ville. 

Southern Illinois Superstitions Regarding Animals, by W. M. Gers- 
bacher, Southern Illinois State Normal University, Carbondale. 

Regeneration and Repair in Experimentally Traumatized Trematodes, 
by Paul Beaver, University of Illinois and Oak Park Junior College, 
Oak Park. 

Attendance averaged thirty-six. 
Paul C. Beaver, Oak Park Junior College, Oak Park, Illinois, was elected 
chairman for the 1938 meeting. 





(Signed) Geo. E. Moreland, Chairman. 
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The Migration and Distribution of the Great Blue 
Heron (Ardea Herodias Herodias) in Illinois 


H. L. Angus 
Quincy Senior High School, Quincy, Illinois 


In this paper I will discuss the migration of the Great Blue Heron, with 
special emphasis on the record in the Quincy region, and some flight man- 
euvers of migrating flocks of this bird. Under distribution, I will discuss 
the location of nesting colonies in West-Central Illinois and some of the 
habits observed there. 

The average date of the first record in the spring for the Great Blue 
Heron is March 16, with March 10 being the earliest and March 23 the 
latest. I have one record of a track made in a light snowfall on March 22. 

My records for the fall are not so complete, due to the fact that the 
opening of the duck shooting season drives the herons south earlier than 
usual. , 

Near sunset, on October 22, 1935, there was a southward flight of Great 
Blue Herons along the Mississippi River near Quincy. As I sat among the 
willows along the river, I observed eight small flocks flying southward. The 
size of the flocks varied from two to sixteen, with an average of four. The 
flight formation of flocks of seven or more was a V. The flight formation of 
smaller flocks formed only one side of the V. That is, a straight line oblique 
to the line of flight. : 

I also observed a very interesting flight maneuver. As the Herons were 
migrating they called at frequent intervals. A flock of three was passing 
over. They were followed by two at a distance of two or three hundred 
yards. Those to the rear called several times and the three leaders flew 
in a large circle allowing the stragglers to catch up with them. They im- 
mediately assumed the oblique line formation described earlier. There were 
two Great Blue Herons feeding along a nearby sandbar. Just after sundown 
these two arose in response to the calls of a flock of four which was passing 
over, calling as they flew. This flock also circled, waiting for the laggards 
to catch up with them, and then they resumed their southward flight. 

I observed this circle maneuver four times; however, it was indulged 
in by the small flocks of two, three and four and never by the larger groups. 
The size of this circle varied with the distance needed for the birds in the 
rear to catch up, but the average size was about 40 yards in diameter. 
They flew around this circle but once, which allowed the stragglers to 
join almost at a tangent to the circle. 

The nesting colonies of the Great Blue Heron were formerly located 
in most sections of the state where water and timber conditions were right. 
However, in so far as I can find, drainage and the clearing of timber have 
reduced these to a few colonies along the Illinois and Mississippi Rivers. 
There are two small colonies on islands north of Quincy, one of about 20 
nests on Long Island, and one of about 80 nests on Taylor Island. Oc- 
casionally the commercial fishermen shoot out one of these, claiming that 
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the Herons destroy many fish. The most important colonies are located 
in Central Illinois along the Illinois River from Havana to Ottawa. There 
are about twelve colonies varying from probably fifty nests at Lake Senach- 
wine to perhaps four hundred nests at Depue. 

In the colonies usually more than one nest is found in a tree. At Duck 
Island, I counted eleven nests in one giant cottonwood; however, this was 
unusual, two to five being the usual number. While visiting the colony at 
Duck Island in 1933, I kept a record of the feeding habits of these birds. 
Ninety per cent of the fish regurgitated by the young when excited were 
hickory shad. The rest were frogs, crayfish, and carp. I found only one 
cat fish and no bass, crappie or sunfish. There was also an abundance of 
small material which was probably refuse from other water life such as 
insects, snails, etc. 

In order to get information concerning the location and extent of nest- 
ing colonies I have written to many ornithologists throughout the state. I 
wish to express my appreciation for the help given me by the ornithologists 
and should any of them desire a complete list of the sites, as reported, I 
shall be glad to furnish the same, upon request. 
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The Changing Status of Birds as Regards Their 
Abundance 


Cc. W. G. Eifrig 
Concordia Teachers College, River Forest 


Every observer of the outdoors, of the things in nature, knows and notes 
with ever increasing wonderment that no two years are alike. This is 
not only true of such obvious features as the weather with its many compli- 
cations, but also of such phenomena as the behavior and abundance of 
plants and animals. What recondite forces and factors coax plants and 
animals into abundance one year and not the next? 

The average citizen has the notion that things in nature are as they 
are, with little or no change, except where man with a heavy, often frivolous 
hand interferes. As a matter of fact nothing in the world and in nature 
is stable and unchangeable. Everything is in a constant change or flux, as 
the ancient Greek philosopher said: Panta rhei, i. e. everything flows. Thus 
lifeforms seem to appear on the stage of life, do well for a while, and 
then decrease and finally disappear. This is true also of such organisms 
that we would very much like to have stay and increase in numbers, such 
as the birds. One must become conscious of the complexity of nature, of 
the intricate interplay of physical forces, and of their delicate balance and 
adjustment. 

In a state like Illinois, where 80 much work in natural history is done, 
it is, I think, desirable to stop momentarily and take an inventory. In 
this present paper I would like to make a little excursion into ornithology 
and present a few facts regarding the decreases or increase in numbers 
of certain species of birds in the Chicago area, during the last decade or so. 
I shall begin with species in which a decrease is most noticeable to those 
in which it is less so. 

The Lark Sparrow, Chondestes g. grammacus, has just about entirely 
disappeared from our area, as seems to be true of the eastern part of the 
country in general. Who can find the reason? Fortunately, the western 
form, strigatus, is very abundant in its chosen range. 

A similar deplorable decrease is true of the Cliff Swallow, Petrochelidon 
a. albifrons. Formerly its colonies of gourd-shaped nests could be seen on 
the barns of many, if not most, farms, but now only a few straggling 
colonies remain in most states east of the Mississippi. Perhaps the more 
general painting of barns and the consequent falling down of their nests 
before any young can be raised may be a partial explanation. In fact, a 
similar calamity is befalling most swallows. That beloved harbinger of 
spring, the Barn Swallow, Hirundo erythrogaster, is woefully decreasing in 
numbers. This is true of the Purple Martin, Progne s. subis, in some places 
and to a lesser degree. Only here we are able to assign a definite reason, 
viz. the coming of the automobile and the consequent disappearing of many 


. or most horse stables, the breeding places of flies. To this may, no doubt, be 


ascribed the decrease in the number of the Nighthawk and the Chimney 
Swift. 
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The Migrant Shrike, Lanius lwdovicianus migrans, has almost disap- 
peared from the roadside in our region. Formerly a pair could be seen every 
two to three miles along the road, now one may drive for days without 
seeing one. Here the very general cutting down of the osage orange hedges 
may be partly responsible, although, on the other hand, there are still plenty 
of field mice, grasshoppers, and sparrows for their commissary, and hawthorns 
and plum thickets for nesting sites. However, I know of localities in other 
parts of the state where they are still tolerably common. 

Even that well-beloved little acrobat, the Chickadee, Penthestes a. 
atricapillus, formerly so abundant, especially as a migrant, is of late be- 
coming strangely rare in our woods and gardens. Where formerly dozens 
and scores could be seen, now I often see no more than three or four during 
the spring or fall migration. What occult cause is operative there? 

To a lesser degree this is true also of the Bluebird, Sialia sialis. Where- 
as they formerly nested in my garden, I now see only three to five in the 
spring or fall migration. In this case the coming of the Starling, also a 
cavity breeder, may be a partial explanation. In other regions they seem 
to be as common as ever. 

A tragic case is that of the Red-headed Woodpecker, Melanerpes erythro- 
cephalus. Its numbers are going down rapidly owing to the automobile. 
The bird often settles on the highway to pick up insects, and when a car 
comes can not get under way fast enough to avoid being struck and killed 
by this deadly weapon. During a drive of several hours in southern Wis- 
consin I counted seven dead Redheads on the road. 

In former years the voice of the Whippoorwill, Antrostomus v. vociferus, 
was one of the commonest sounds heard in these states in the summer even- 
ing. Now it has vanished as a breeding species over a large area. This is 
probably due to the fact that the farmers use their woodlots as pasture for 
their livestock which makes breeding of this ground-nesting species im- 
possible. 

For an entirely different reason the numbers of the Yellow Warbler, 
Dendroica aestiva, the Red-eyed Vireo, Vireo olivaceus, the Warbling Vireo, 
V. g. gilvus, and perhaps of the Chipping Sparrow, Spizella p. passerina, 
seem to be going down, namely because of the depredations of the Cowbird, 
Molothrus ater, which lays its eggs in the nests of these and other species, 
with the result that the young of the rightful owners perish. Among the 
flycatchers, the Kingbird Tyranuus tyranuus, and the Phoebe, Sayornis 
phoebe, seem to be going down in numbers for no apparent reason, except 
the diminished supply of flies as in the case of the swallows. 

Deplorable as it is when members of our flora and fauna diminish in 
numbers or even disappear entirely owing to natural causes over which man 
has no control, or t@ unavoidable conditions brought about by our civilisa- 
tion, it becomes downright criminal when it is due to man’s carelessness, 
ignorance, stupidity, greed or a primeval lust for killing. And it is precisely 
to these that the rapid disapparance of whole orders and families of our 
avifauna is due to. Here belong our hawks and owls. Not so many years 
ago one or more of these wonderful fliers could be seen gracefully soaring 
over every woodlot in these states, thereby considerably enhancing one’s 
enjoyment of the outdoors. Now one may walk or drive for hours or even 
days without seeing one of them. A pitiless war has been waged against 
them by farmers and sportsmen, on the plea that they are destructive to 
poultry and game birds. This in spite of the fact that as early as 1893 our 
federal Department of Agriculture published an exhaustive treatise on 
the food of our birds of prey, under the title “Hawks and Owls of the United 
States.” On the basis of hundreds of stomach investigations, carried on over 
a long time, this shows that most of our hawks are more beneficial than 
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harmful to the farmer by destroying vast numbers of rodents, so destructive 
to crops, and that most owls are purely useful. Now, as to the contention of 
sportsmen that hawks and owls are predators, destructive to game birds. 
Before Columbus discovered America, who shot the hawks and owls? Was 
there a dearth of game birds then? Were any of them in danger of extinc- 
tion as many are now? They blame this alarming condition on a variety of 
causes, the drought, excessive heat, cold, the fox, crow, hawks, owls and other 
“predators”, only not on the true reason, excessive shooting. This is also 
the mental niveau of some political state departments of conservation and 
their heads. 

For the same reason many ducks and shorebirds also the Prairie Chicken 
and Bobwhite, are approaching the verge of extinction. An army of seven 
million hunting license holders march out yearly against the pitifully small 
remnants of wild things. Let us call a stop to it before it is too late. 

Similarly our swamp birds, rails, gallinules, and others are rapidly leav- 
ing the scene. This is due to the wholesale draining of swamps, much of it 
harmful and unnecessary. And now many of the remaining ones are 
threatened by a new danger, viz. their draining, or at least oiling, on the 
plea that such radical procedure is necessary to control mosquitoes. Firing 
with cannon at mosquitoes. Placing minnows, notably top minnows, 
Gambusia sp., would do the work. 


Increase in Numbers, Extension of Breeding Range or Migration Route 


While there is no doubt that white man’s agriculture has been helpful 
to a few species, such as the Meadowlark, Sturnella m. magna, the Blue- 
bird (until recently), one has to look long before being able to discover 
any species that are on the increase. The only one decidedly so is that 
lately introduced pest, the Starling, Sturnus v. vulgaris. The Flicker, 
Colaptes auratus luteus, seems to be doing a little better than holding its 
own. 

Of late the Western Meadowlark, S. m. neglecta, has steadily extended its 
breeding range eastward into our region, after having established itself here 
at Rockford for years back. Harris’s Sparrow, Zonotrichia querula, which 
formerly migrated north and south only west of the Mississippi, is of late 
years seen in increasing numbers east of it, in our area, and as far east as 
Ohio. 

Last fall, for the first time in many years, enormous flocks of the Lesser 
Snow Goose, Chen h. hyperborea, and the equally rare Blue Goose, Chen 
caerulescens, were to be seen, also small parties of the Whistling Swan, 
Cygnus columbianus. 

What is at the bottom of all these striking variations, fluctuations, or 
cycles? 
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A Scientific Experiment to Increase the Bluebird 
Population 


Robert A. Evers 
Quincy, Illinois 


It is very doubtful if there were one hundred pairs of bluebirds 
nesting in Adams County, Illinois, six years ago. There was a lack of 
suitable nesting sites. Orchard men trimmed the dead wood from their 
trees, fence posts were of hard woods, of metal, or there were no fences at 
all. Dr. T. E. Musselman of Quincy was aware of this scarcity and decided 
upon an experiment to increase the bluebird population by providing suitable 
nesting sites. In 1933 he began by placing twenty-two boxes along county 
roads. This was increased to fifty boxes in 1934 and one hundred two boxes 
along forty-three miles of country roads in 1935. 

In the spring of 1936 the speaker became interested and placed twenty 
boxes over approximately twelve miles of county roads south of Quincy. 
Since then he has added two additional routes covering about thirty-five 
miles. These bird houses are placed on fence posts along the road, never 
higher than five feet. Experience has shown that boxes placed higher than 
this do not attract bluebirds, but wrens. No farmer was consulted when 
the boxes were placed, but talks with them later on showed that they 
appreciated the opportunity of being hosts to these birds. 

Nearly once a week I would visit these sites and record the data 
tabulated below. 


First Nesting—April 10 to May 30, 1936 


Total boxes, 20; occupied by bluebirds, 15, or 75% 
1 box had 3 eggs 
2 boxes had 4 eggs 
11 boxes had 5 eggs 
1 box had 6 eggs 

Total eggs, 72. Average eggs per nest, 4.8 
Number of eggs hatched, 70, or 97.22% 
Number of’ eggs disappeared, 1, or 1.39% 
Number of eggs infertile, 1, or 1.39% 
Young matured, 69, or 98.57% 
Young died in nest, 1, or 1.43% 
Average birds per nest, 4.6 

Boxes occupied by wrens, 1, or 5% 

Boxes vacant, 4, or 20% 


Second Nesting—June to July, 1936 


Total boxes, 20; occupied by bluebirds, 12, or 60% 
1 box had 3 eggs 
2 boxes had 4 eggs 
9 boxes had 5 eggs 
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Total eggs, 56; average eggs per nest, 4.5 
Number of eggs hatched, 29, or 51.78% 
Number of eggs disappeared, 15, or 26.78% 
Number of eggs “cooked” or infertile, 12, or 21.44% 
Young matured, 28, or 96.55% 
Young died in nest, 1, or 3.45% 
Average birds per nest, 2.33 


1936 Nestings 


Total eggs, 128; hatched, 99; “cooked” or infertile, 13; disappeared, 16; 
young matured, 97; died in nest, 2. 

From the data it can be seen that a large percentage of eggs in the 
second nesting did not hatch. In this instance the temperature factor 
probably played a part. In the month of June our temperatures were over 
100° F. and July brought a maximum of 114° in the shade. Undoubtedly 
the temperatures within some of the boxes exposed to the rays of the sun 
from sunrise to sunset were considerably higher, forcing the female to 
desert the nest. The large number of missing eggs is difficult to explain. 
In the first nesting only one egg was lost in this manner, while in the 
second nesting the number increased to 27% of the total. This could have 
been caused by blacksnakes, white-footed mice, or boys. In Box No. 19 it 
was undoubtedly the last, as the box had five eggs on June 6, but one egg 
on the 13th, and again five on the 21st. The total complement was missing 
a few days later. The second nesting period corresponds closely to the 
beginning of summer vacation and many of these boxes are located on a 
road frequently used by youngsters hiking to a scout camp. 

No cases of albinism occurred in my boxes in 1936. Several natural 
nests were found with white eggs and where possible the young were banded 
(Bands 35-134462, 63, 500, 36—-149001, 02, 04). In order to determine whether 
the tendency to lay albinistic eggs is inherited, as many of these young as 
possible are banded with the hope-that they will return to the vicinity and 
furnish accurate data in following years. 

In 1936 there were about one hundred eighty boxes in the county. Using 
the above data for averages, we could estimate the number of eggs in the 
first nesting at 648, in the second 486, or with a total of 1,134. The number 
of birds per nest in the first nesting would then be 621, the second 248 and a 
total of 869 birds produced in these boxes. It is perhaps larger than this 
figure since many of Dr. Musselman’s boxes did not have as many cases of 
eggs missing from the nests. 

During the past year there were five definite routes in the county. One 
consisted of one hundred two boxes stretching from Quincy to Liberty, Rich- 
field, Payson and Quincy. A group of twenty-four were placed east of these 
and six on a farm near Camp Point. My route to Marblehead contained 
twenty boxes and another southeast of Quincy has twenty-eight. 

This year five additional boxes have been added to the Marblehead 
route, forty-one have been placed between Quincy and Hamilton, and Mr. 
Knoepple, Superintendent of Schools of Hamilton, had his students build 
forty additional boxes and has continued the route to Nauvoo. H. B. Terrell 
of Quincy has placed twenty boxes between Payson and New Canton. 
Forty boxes have been located between Liberty and Perry, while Mr. Sum- 
mers of Bluffs has built boxes to be placed from Perry to his home town, a 
distance of about twenty more miles. The science teacher of Griggsville 
will locate them from his village to Perry. This experiment will then cover 
one hundred fifty miles of State and county roads in western Illinois and 
provide nesting sites for the birds. 
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A Key To the Adult Salamanders of Illinois’ 


Clarence J. Goodnight 
University of Illinois, Urbana, Illinois 


The salamanders of Illinois were treated comprehensively by H. Garman, 
in 1892, in his taxonomic and biological work entitled “A Synopsis of the 
Reptiles and Amphibians of Illinois.” Since that date there have been many 
changes in nomenclature for members of this group and furthermore 
Garman’s publication is not generally available. Like most zoologists of his 
day Garman based his keys on anatomical characters which always involved 
a knowledge of the form of the vertebrae and the condition of the tongue. 
Such characters have phylogenetic value and tend to emphasize the features 
on which the families and genera are based. However, to students inter- 
ested primarily in field problems these internal characters have no value 
in the offhand recognition of specimens encountered in the field and 
laboratory. 

Most of the modern general systematic texts have followed the practice 
of using internal anatomical details in the keys to the salamanders. Sev- 
eral keys have been constructed in recent years covering the salamanders of 
restricted areas but no key has been available for the species living in the 
state of Illinois. 

The writer has felt that a means of identification based wholly on ex- 
ternal characters would be of value to students who are not specialists in 
the group. Relatively large collections of preserved specimens in the 
Zoological Laboratory of the University of Illinois and numerous living 
representatives taken in the field have been examined. These studies were 
carried on under the direction of Dr. H. J. VanCleave to whom the writer 
is indebted for advice and criticisms. A key based on the present study is 
presented so that a more ready means of recognition of the salamanders of 
this state may be available. Twenty species are here included. All but one 
of these have been examined by the present writer and this species (Pseudo- 
trition ruber ruber) is included on the strength of a single literature record. 

Names adopted in Stejneger and Barbour’s most recent check list of 
the amphibians (1933) have been accepted. 


— — aa” a 








. “ae from the Zoological Laboratory of the University of Illinois, 
No. 518 

®There is a possibility that Siren intermedia LeConte may occur in southern 
Illinois, but all published records list only Siren lacertina Linn. However, this may 
be due to the fact that until recently S. intermedia was considered a synonym 
for 8S. lacertina. Noble and Marshall (1932), Am. Mus. Nov. No. 532, state that 
adult S. intermedia may be distinguished from adult S. lacertina by its smaller 
size and smaller number of costal grooves. 

Costal Grooves: Siren lacertina Linn. 36-39, usually 37-38. Siren inter- 
media LeConte 31-35, rarely 36. 

*In this key all references to feet refer to the posterior appendages. 

*There is some doubt if Amphiuma means occurs as far north as Illinois, but 
it may occur in the southern swamps. Information as to the limits of its range 
are much to be desired, and it was included in this key in the hope that this 
might assist in recognition and hence in better knowledge of its range. 

5 Pseudotriton ruber ruber was included in this key on the basis of the Aux 
Plains record of Yarrow (1883) based on U.S.N.M. specimen No. 9555. However, 
this specimen has disappeared and Dunn (1926), “The Salamanders of the Family 
Plethodontidae” (281), says that “since neither specimens nor records are known 
from Indiana, the Illinois records are highly dubious.” 
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IIS eI error te PT Terre oie eee, 2 
oo kos a pack raise he MS RERUS whe bee e eat ne kwene 3 
One pair of legs, posterior pair lacking.................++++-+- 
Peat eat cara c og s wos od tirana e Mud eel. Siren lacertina Linn’ 
Two pair of legs..Mudpuppy. Necturus maculosus maculosus (Raf.) 


ES Ss on bac omc ded cab cpecbeededavesensewe 4 
CE. ci. cca cc ee neds ccna winner wane eb keodaecede 6 
Two or three toes on foot"; body eel-like, skin smooth.......... 5 


Five toes on foot; body flattened, skin wrinkled................ 
AN ABH ae Sol Fy Hellbender. Cryptobranchus alleganiensis (Daudin) 


Two toes on foot.......... Congo snake. Amphiuma means Garden‘ 
Pk LR rare Amphiuma tridactylum Cuvier 
ee ee I Eo o' a's cece alecasnades eessacegaceees 13 
ee I EE MOI 0 Bien Sec cccstcecccnspcisacntess 7 


ee I I cds rakecccvsantacdens sthdestscdvaenes 
SP rare fey Common newt. Triturus viridescens viridescens (Raf.) 


Ce ee IIIS 6 55.5 cx Gande an eG taee eHsbdicccedectic 8 
With distinct, large, yellow spots on sides and back............ 9 
Spots, if present, only in the form of small white dots.......... 10 


Ce OE Be ee Cee OU TS av oi had c Cock li oS veccvccwees 
eickee en eaee Spotted Salamander. Ambystoma maculatum (Shaw) 
Two distinct plantar tubercles on foot, one at base of first toe 
Se ee ee I Or I Ge do edie sca cw ccénncsteed Cestocsucse 
PES REE Tiger Salamander. Ambystoma tigrinum (Green) 
Wide, transverse, silver bars on back................eeeeeeeees 
ade bare ea Marbled salamander. Ambystoma opacum (Gravenhorst) 
Without wide, transverse silver bars on back.................. 11 
Se MTN oi 60a CR 0 c'b'c Wacvsinwin wee ede ete eedse 6 aoe Wee ac 
eee Small-mouthed salamander. Ambystoma teranum (Matthes) 
PEPE PLT EN ETL PERUSE ITE UT CR UTTEE CES eee 12 
Costal grooves 12; usually with small, white dots on sides and 
tail. ..Jefferson’s salamander. Ambystoma jeffersonianum (Green) 
Costal grooves 10; no spots on sides and tail.................. 
Dewees toate Mole salamander. Ambystoma talpoideum (Holbrook) 


OEP SUGD ON BOGS s i iis cice cess Hemidactylium scutatum (Schlegel) 
ee tS a osreb ccCiR se Cte aceite wh Pacnecetcaceenews 14 
Stripe along dorsal line of body with or without small dark 
ee ee eee OEE CEN GI 0a ode dcecdestevecteoves 15 
ee ee eee Gs SU GE OEE ook ob sicc he'c ne ceccescmeiseess 18 
Median dorsal stripe zigzag............... Plethodon dorsalis (Cope) 
es ee ee I I eS iit ces caw eecetscenebesee 16 


Costal grooves 13; often with vertical black bars on sides of tail 
Sede Vas TUeeb eels sae dene ba cdaeabamen Eurycea longicauda (Green) 
Costal grooves 15-21; never with vertical black bars on side of 


A Se Pe errr eer Pe ee a ry cee er ee ee Pt Pee rue 17 
Coastal grooves 16. 0.5 ceccscsce Eurycea bislineata bislineata (Green) 
CHG WPOVGE BV-O2 = WORRY DOG ho via kcdicieics Se ccvctccaccces 

Redbacked salamander. Plethodon cinereus (Green) (red phase) 
Dark above, with or without small white dots................. 20 


Not dark above but with yellow or orange ground color........ 19 
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19. (a) 


(b) 


20. (a) 


(b) 
21. (a) 


(b) 
22. (a) 


(b) 
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Dark pigmentation on back consists only of small black dots or 
streaks, often with vertical black bars on sides of tail; costal 
I is Fo shiek b's os ca ealsecian Eurycea longicauda (Green) 

Dark pigmentation on back consists of many brown spots, never 
with vertical blacks bars on sides of tail; costal grooves 14-15 
ip iicacs amma lcecaters aux a Cave salamander. Eurycea lucifuga (Raf.) 

Comin: BeOowrie: TTB, My TG aan oscn: 8:5:0 5.050.000 dbl dbce akc 
AY RN oe eens ES Blom: Plethodon cinereus (Green) (dark phase) 

EE EE I ENT ede 21 

Costal grooves 16; dark red above with black spots............ 
Soimtvsin hakeue ieee Red salamander Pseudotrition ruber ruber (Sonnini)* 


Costal grooves 14; not red above with black spots.............. 22 
Light line from eye to angle of mouth; brown above, mottled 
ERPS eee a Desmognathus fuscus fuscus (Raf.) 


No light line from eye to angle of mouth; black above with or 
without small white dots; not mottled below................. 
amkains nae dadomee Slimy salamander. Plethodon glutinosus (Green) 
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Studies on the Lymnaeid Snail, 
Fossaria parva (Lea). 


Part II: Serasonat Lire History 
C. Clayton Hoff 
Peoria Heights, Illinois 


During the years 1935 and 1936, quantitative collections were made and 
field observations completed for a study of the seasonal life history of 
Fossaria parva. Material was collected from an intermittent stream at 
Peoria Heights, Illinois, in an area described in a previous paper (Hoff, 
1936). Quantitative collections were made monthly from January, 1935 to 
June, 1935 and occasionally during the remainder of the observation period 
beginning December, 1934 and ending December, 1936. The population sam- 
ples were taken during the second week of the month. 

Method of Collection—The method of taking the monthly samples varied 
with the seasonal habitat of the snail. During the winter months, material 
was collected from the bottom of the stream beneath the ice. This material 
with some water was removed to room temperature where, as the material 
and water warmed, the snails began to climb up the sides of the container. 
From a position near the top of the vessel, the snails could readily be re- 
moved. Considerable care was taken to secure a representative sampling; 
the nature of the population curves attests this accomplishment. During 
the spring, the adults could be hand-picked from the muddy flats. As the 
young are of small size during this period, it is necessary to immerse soil, 
from the muddy flats, in water and remove the snails when they climb to 
the tops of the jars. Because of the difference in collection of samples, the 
resulting data do not give the proper numerical ratio between the parent 
and progeny generations. In each sample, a hundred individuals of each 
generation present were considered sufficient as far as this study was 
concerned. 

The monthly collections were supplemented by direct field observations. 
Field trips were taken weekly during much of the observation period; 
although less frequent field trips were necessary when the snails were in 
aestivation. Pertinent facts concerning the first appearance of eggs, death 
of the adult generation, details of habitat, and the like were gathered by 
field observation. Often it was found that more accurate and decisive data 
might be secured from direct observations than from population sampling, 
although the latter lends itself excellently to methodical analysis. 

Seasonal Life History; Influence of Climatic Conditions.—Collections 
made during the winter and early spring show that only one generation is 
represented in the samples as the population curves for January to April 
(inclusive), 1935, are unimodal (Fig. 1). The growth indicated by the dif- 
ference between the January and April, 1935, population curves occurs 
largely after the March collection as there is little growth preceding the first 
part of March. During the winter period, the snails are rather inactive and 
may be found on the bottom of the stream under the ice. After the middle 
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Distribution of the population in the months and years. The ordinate repre- 
sents the number of shells dispersed in size-groups of 144 mm. based on height of 
shell as indicated in mm. along the abscissa. 
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of March, the snails become very active and pass freely in and out of the 
water in accord with changes in temperature of air and water. In the 
spring, the snails become terrestrial in habitat. Growth is very rapid during 
this period as may be seen from a comparison of the graphs for April and 
May, 1935 (Figs. 1 and 2), and May and June, 1935 (Fig. 2). 

Field observations indicate that egg-laying begins about the first of April 
and continues for approximately one month. The young may be found after 
the second week in May and hatching continues until the second week in 
June; but both egg-laying and subsequent appearance of the young may 
vary considerably with the meteorological conditions of the particular year 
under consideration. In 1936, a few young were found on May 12 (Fig. 3); 
but in 1935, no young appeared in the May collection (Fig. 2). On June 
10-12, 1935, snails were still being hatched while on June 2, 1936, hatching 
had been completed. This discrepancy between June, 1935, and June, 1936, 
may be readily explained by differences in the weather. In 1935, the spring 
was wet, thereby retarding egg-laying and appearance of the young; while 
in 1936, the spring was dry, the eggs were laid at an earlier date and 
through a shorter duration of time. 

Climatic conditions also have a bearing upon the life span of Fossaria 
parva. In Fig. 2, the adult generation is shown in both May and June, 1935, 
while in Fig. 3, the adult generation is confined to the May, 1936, collection. 
The drying up of the muddy flats at an earlier date in 1936 than in 
1935 evidently had a direct effect upon the death of the adult generation. 
It will be noted that the relative sizes of the adults in May, 1935 and May, 
1936 are approximate so that the earlier death of the adults in 1936 may be 
attributed not to Fossaria parva having reached the maximum size of the 
species but to some change in environment brought about probably by a 
lack of moisture. That growth continues until the time of death is shown 
by the size distribution graphs for May and June, 1935, in which year the 
adult generation died in the week following the collection of the June sample. 
Continuance of growth until death is common in many molluscs although 
some snails, as the Polygyra, form a lip when maturity is reached. This lip 
marks the termination of increase of shell size although an increase in thick- 
ness of shell and weight of body is evident during the period of maturity 
(Foster, 1936). 

After the hatching of the young in late May and early June, growth of 
Fossaria parva is rapid so long as the proper conditions of moisture prevail. 
When the stream ceases to flow and the surrounding area becomes dry, the 
snails resort to aestivation in order to avoid the effects of desiccation. Dur- 
ing the driest part of the summer when the soil in the stream bed is caked, 
meager collections of the snails may be made by digging beneath the 
hardened upper layer and removing some of the under soil to moist con- 
tainers. The aestivating snails respond to a gradual addition of water and 
may be captured when they seek air and come to the surface of the water 
in the container. Soil collected in the shaded areas of the stream bed con- 
tains more aestivating snails than soil taken from sunny places. Close to 
crawfish chimneys (plugged with pellets of dried mud at this season), it is 
often possible to secure fairly good summer collections. 

The annual life history of Fossaria parva may be summarized as fol- 
lows: (1) Each generation produces a single brood; (2) Eggs are laid in 
April and hatch in May and early June; (3) The adult generation dies in 
June; (4) The life span is twelve and one-half to thirteen and one-half 
months; and, (5) Growth is confined to definite seasons of the year, is influ- 
enced by climatic conditions, and ceases only with the death of the 
individual. 
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Annual Migratory Cycle.—Because of the direct correlation between 
periods of growth and physical conditions in environment, a summary 
should be made of the annual migratory cycle of this species. Although 
Fossaria parva occupies a different habitat than the larger Lymnaeid shells, 
the annual migratory cycle agrees in principle with the cycle of the lake 
Lymnaea as reported by E. P. Cheatum (Cheatum, 1934). However, the 
spring migration of the lake Lymnaeid shells is not so intense as that of 
Fossaria parva, because the former migrate only from deep to shallow water 
while Fossaria parva migrates from the deeper pools to shallow areas near 
the edge of the stream and eventually leaves the water to take up an abode 
upon the muddy flats. As previously shown (Hoff, 1936), this species is 
aquatic during the winter, amphibious from the middle of March to the 
middle of April, and terrestrial from the last of April until the fall rains 
begin. Aestivation extends from about the first week in July to October or 
November. 
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Lapland Longspurs in Illinois in the Early 
Spring of 1937 
C. W. Hudelson 
Illinois State Normal University, Normal, Illinois 


The Lapland Longspur belongs to the family of finches and sparrows. 
It resembles somewhat and is occasionally confused with the vesper sparrow. 
It is 6.25 inches long and has for its most conspicuous field identification 
marks, a hind toe-nail as long as or longer than the toe, the white outer 
tail feathers which show in flight and noticeable amounts of black, 
ocharceous and cream buff markings about the head, breast and back, with 
a rufous patch on the nape of the neck. 

According to Seton, these birds “when in the fields have a curious habit 
of squatting just behind some clod, and, as their colors are nearly matched 
to the soil, they are not easily observed, nor will they move until you are 
within a few feet; they then run a few feet and squat again.” 

















Two views of Lapland Longspurs. 


It was this curious habit which was responsible for attracting my atten- 
tion to these birds upon two occasions the past winter namely February 16 
and 21. On each date a strong westerly wind was driving snow, sleet and 
some dust as I was traveling south and west on State Route 100 in the 
Illinois River Valley between Beardstown and Chambersburg, Illinois. 
These birds were observed in flocks ranging in numbers from five to three 
hundred. They were flushed from the concrete road or near it and fre 
quently they barely got out of the way in time to keep from being hit by the 
car. The fields and roads were white with snow everywhere except occa- 
sional stretches of concrete road and narrow short stretches of soil exposed 
just off the concrete slab where the motorists had driven off the edge. Here 
on these narrow exposed strips of soil these birds were sitting partly to rest 
on the soil where the snow had melted a little and partly in search of food. 
My first thought was as these birds flew away flashing the white in their 
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tail feathers that they were vesper sparrows but when the flocks grew larger 
as I approached Meredosia, I wondered about the correctness of my first 
thought. My car was moving along at a speed of 40 to 50 miles per hour 
and as you no doubt know one traveling along at that speed with visibility 
not the best on a cold snowy day the field marks could not be easily 
detected. It so happened that two birds were killed by the car on the first 
date mentioned above and five on the second date. These birds were taken 
to our laboratory where they were identified and again verified by Dr. 
Blanche McAvoy of the Biology department of Illinois State Normal Uni- 
versity. Two of these birds were mounted and from pictures taken on the 
mounts I have lantern slides to exhibit with this paper. 

It is my belief that the severity and frequency of the combined dust and 
snow storms the past winter had driven these birds far to the east of their 
usual winter quarters and migratory routes and thus they were encountered 
in great numbers in the Illinois River Valley. I estimated conservatively 
that I saw approximately three thousand Lapland Longspurs on the first 
trip. These birds usually migrate over the western plains and to some 
extent far to the East over the Applachian region and do not regularly get 
this far south in such large numbers. 

They nest on Arctic Islands, Alaska, Greenland and to the limit of the 
forests in Mackenzie. 
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Hybrid Crosses in Sunfishes 


Wilbur M. Luce 
University of Illinois, Urbana, Illinois 


As Hubbs and Hubbs (1931) pointed out anyone who has collected and 
identified sunfishes in Illinois and adjacent waters encounters numerous 
individuals which are undoubtably natural hybrids between genera and 
species common to the waters where the collections are being made. They 
were able to produce experimentally hybrid offspring from crosses between 
the common genera of sunfishes by placing males and females of the genera 
to be crossed in single pair matings in rather large aquaria. Under these 
conditions the male built a nest in one corner of the aquarium and the eggs 
were shed and fertilized over the nest. 

Mr. Francis D. Hunt of the Illinois State Natural History Survey in the 
spring of 1932 tried controlled fertilization by stripping the females of eggs 
and then adding sperm stripped from males. This was at Lake Senachwine 
near Henry, Illinois. The eggs thus treated appeared to be fertilized and to 
start development though the young lived only a few hours. 

Following this lead through the courtesy of the Illinois State Natural 
History Survey which placed the facilities of the laboratory boat at my 
disposal, I was able to develop a method for the controlled fertilization in 
generic crosses of sunfishes. It is the purpose of this paper to describe this 
method and briefly indicate some of the results obtained. 

The sunfishes used in making the crosses were obtained either from 
the hoopnet catches of the Natural History Survey field men who were 
making a fish population study of Lake Senachwine at that time, or from 
seine catches made by seining along the shore with a 20-foot common sense 
(44-inch mesh) minnow seine. Ripe individuals of both sexes of the kinds 
desired were selected from the catches. Whether the individuals were ripe 
could be determined by holding the fish in the left hand and applying gentle 
pressure with the right hand to the sides of the abdomen just anterior to 
the vent. If eggs or milt are ready to be shed only a small amount of 
pressure will cause exudation. The individuals thus selected were taken to 
the laboratory boat. Here the males and females were segregated. Each 
fish was washed off in spring water which was free from either fish sperm 
or eggs. After washing, the males of each species and the females of each 
species were segregated and placed in glass battery jars or other similar 
containers filled with clear spring water. Of course in handling the 
fishes, temperature differences in the water by which they were treated were 
guarded against. The water in the containers was changed several times. 
Before fertilization of the egges the fishes were kept in the spring water 
for several hours usually overnight. 

In preparation for fertilizing the eggs, a dozen or more Woods Hole 
finger bowls were placed on a table, each bowl being tilted slightly. A small 
amount of water was added to each. The hands were throughly wet with 
spring water and a ripe female selected, and her eggs were stripped in to 
the already prepared finger bowls. There should be just enough water in 
each bowl to cover the eggs. A male was then selected to be used to fertilize 











310 Illinois State Academy of Science Transactions 


the eggs. A large drop of milt was stripped from the male into each finger 
bowl. If one wishes, the eggs of one female may be fertilized by sperm from 
several different kinds of males. In changing from one kind of male to 
another care must be taken to clean the hands thoroughly so that no sperm 
of the first male remains. This may be done by first rinsing the hands 
followed by washing with soap and water, then rinsing with 70 per cent 
alcohol or some disinfectant and finally moistening the hands with clean spring 
water before the second male is selected. As soon as the milt is placed on 
the eggs it is spread over them by shaking the finger bowl. After the addi- 
tion of the milt and shaking, the finger bow's are allowed to stand undisturbed 
for 10 to 15 minutes. The water containing the excess sperm is then decanted 
off, the eggs rinsed with spring water, and then covered with spring water 
to a depth of % to %-inch. The bowls are now shaken vigorously to loosen 
up the eggs which should be as evenly distributed as possible over the 
bottom of the finger bowl. Having only a thin layer of water above the 
eggs keeps the oxygen supply high enough so that no further aeration is 
necessary. The water has to be changed often, every few hours on warm 
or hot days. Spoiled eggs may be removed by means of a pipette. As 
soon as the eggs begin to hatch the young fish may be transferred to new 
finger bowls or other dishes. As soon as the young become active they 
should be placed in balanced aquaria if one wishes to attempt to raise 
them to adults. The fish should first be fed small protozoa, then paramecium, 
small entomostraca, Daphnia magma, chopped angleworms, silver fur fox 
food. + 


Crosses 1932. Matings made 6/16-23 and 7/11-21 


No attempt was made to rear these fish 
Allotis humilis female X Eupomotis gibbosus male, successful 
Helioperca macrochira X Eupomotis gibbosus male, successful 
Allotis humilis female X Apomotis cynellus, successful 
Eupomotis gibbosus X Helioperca macrochira male, successful 
Helioperca macrochira female X Apomotis cyanellus male, successful 


ot > 9 9°. 


Successful crosses 1933. Matings made 6/17 and 6/29 


1. Allotis humilis female X Eupomotis gibbosus male 

2. Eupomotis gibbosus female X Allotis humilis male 

3. Allotis humilis female X Apomotis cyanellus male 

Crosses successful, some fish being raised to one year age in all cases. 
Some fish still being kept are from these crosses. 


Crosses 1934. 6/23 


(1) A. cyanellus male 
Eggs from one H. macrochira female X (2) E. gibbosus male 
(3) <A. humilis male 


6/21 


Natural female hybrid between  ) oe 
A. humilis X E. gibbosus f x A. humilis male 
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Notes on Ectoparasitic Trematodes of Fishes 


John D. Mizelle* 
University of Illinois, Urbana, Illinois 


The taxonomic study of monogenetic flukes from North American fresh- 
water fishes is very young. As late as 1933 there were definitely recognized 
only two valid species of Gyrodactylus, one of Dactylogyrus, and one of 
Ancyrocephalus which was later removed to the genus Urocleidus. At the 
present time, fifty-seven species belonging to the above and several genera 
of the subfamily Tetraonchinae have been reported for North America. 
Three of these, Tetraonchus monenteron, Gyrodactylus elegans and 
Dactylogyrus anchoratus were first described from Europe. Ectoparasites 
from salt-water fishes received earlier attention principally through the 
efforts of MacCallum and his co-workers. 

Serious damage to fish by ectoparasitic flukes, especially under crowded 
hatchery conditions, has been frequently reported. This economic aspect is 
probably in part responsible for the early control phase of investigation in 
contrast to later taxonomic studies. Infestations with Gyrodactylus were 
reported by Atkins in 1901, Cooper 1915, Ward 1918, Van Cleave 1921, Moore 
1923, Embody 1924, Guberlet Hansen and Kavanagh 1927, and Pratt in 1929. 
Viviparity which is characteristic of the genus Gyrodactylus has been cited 
by many authors as being conducive to the production of epidemics among 
fishes by members of this genus. This contention is supported by the less 
numerous records of outbreaks caused by oviparous species. 

A report of serious losses among three to six weeks old “fry” by an 
unidentified species of Dactylogyrus by Hess in 1928 constitutes the first 
record of this genus for North America. In 1930 the same author cited 
an undetermined form of Ancyrocephalus infesting several species of native 
fishes in the states of Indiana and New York. In 1936 it was observed by 
the present writer that two black crappies (Pomovis sparoides) out of a lot 
of sixteen which were transported by automobile from Lake Senachwine, 
Henry, Illinois, to the Laboratory at Urbana, were in poor condition on 
arrival. They showed signs of suffocation and loss of balance. Approxi- 
mately six hours later these two fish died. On examination they were found 
heavily infested with Cleidodiscus capar. The rest of the fish appeared 
normal and when examined at a later date they were found only lightly 
infested with the same species of parasite. In the summer of 1936, yellow 
bass (Morone interrupta) from Lake Decatur, Decatur, Illinois, which con- 
sistently carry heavy infestations of Onchocleidus interruptus, were observed 
to die very quickly when transferred from the nets to metal containers, 
unless the water in which they were placed was previously cooled to a 
temperature below that from which they were taken. It has not been deter- 
mined whether or not the above phenomena were due to the action of the gill 
parasites harbored by the respective hosts. However, MacCallum (1915) 
cites suffocation, caused by an outflow of mucus over the gills at the point 
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Pathology and Hygiene. 
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of haptoral attachment by species of Microcotyle, as partially responsible 
for death of fishes in the New York Aquarium. This phenomenon has been 
repeatedly observed for yellow bass and black crappies. 

During the spring of 1937 an epidemic among blunt-nosed minnows 
(Hyborhynchus notatus) by Dactylogyrus bychowskyi was observed to kill 
over three hundred hosts in an aquarium at the University of Illinois. 
Uninfested steel colored minnows in the same tank were not affected. The 
flukes were found to exclusively infest the gills of the hosts. Scrapings from 
the fins and body surfaces were negative in all cases. As many as two 
hundred parasites were recovered from one fish whereas twenty-five fish 
examined a few hours after removal from neighboring streams, namely the 
Drainage Ditch and Embarrass River, harbored an average of five parasites 
each. 

Fish culturists and conservation agencies responsible for rearing and 
distributing fishes have given practically no attention to the dangers of 
transporting gill parasites into new regions. Except for a few of the large 
species, the gyrodactylids are so small as to escape casual field inspections. 
Although detailed information as to the species involved and the specific 
action of each on the host has been generally lacking, it is believed that 
fewer losses would be sustained if hatcheries were rendered free of 
gyrodactyloid parasites infesting the skin and gills of fishes, especially those 
used as breeders. 
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A Suggested Change in High School Laboratory 
Time 
Sister Mary Fabian Reilly, O. P. 
Visitation High School, Chicago, Illinois 


The increased high school enrollment, consequent to the social and 
economic changes during the past two decades, has brought many new 
problems to educators. The attempts to solve these problems led to a closer 
examination, and in some cases a restatement of the aims of secondary edu- 
cation. This restatement of aims seems especially potent in the field of 
natural science. 

Formerly high school science courses were thought of as opportunities 
for acquiring such rudimentary knowledge of a special field, with skill in 
the techniques and manipulation of apparatus as would be useful in college 
work. To affcrd such opportunity for the student the double laboratory 
period was established. 

The change in the character and aims of high school students brought 
us classes whose members are far more interested in the application of 
scientific principles to the every day problems of life than they are in the 
verification of truth, the discovery of facts or the acquisition of skill and 
technique. 

I wish to suggest a restatement of aims for Secondary School Biology 
and a change in method consistent with these aims. 

The aims are: 

1. To acquire an understanding of laws and principles manifested 
in living things. 

2. To acquire an intelligent conception of biological terms in 
common use. 

3. To give the student a lasting appreciation of and desire for the 
beautiful and interesting in his environment. 

4. To cultivate a due appreciation of the sacrifices made and diffi- 
culties overcome by scientists in their efforts to combat disease 
and ignorance. 

5. To instill respect for law and order and to recognize that every 
effect comes from a cause, and that if one furnishes a cause one 
must expect effects. 

6. To stimulate a willingness to make some contribution to the 
enrichment of our surroundings and to biological knowledge. 

We may find that changed economic and social conditions make desirable 
a change in both method and allotment of time for class work, but hesitate 
to break with the traditional procedure. This seemed to be my own state 
of mind until circumstances over which I had no control forced me to 
cover the high school biology course with one section of the class who 
could devote to this subject only five single periods a week. 

In planning the work for the group I decided to require previous prep- 
aration for the laboratory period, assigning a definite project for each 
student. The students soon recognized the necessity for this previous prep- 
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aration and came to the laboratory with a definite idea of what they were to 
do and how it was to be done, thus avoiding the mechanical following of 
instructions. 

The single period schedule gave opportunity for having the laboratory 
exercises at the time we wished in order to correlate these exercises with 
the subject for class discussion. This close correlation enabled us to 
initiate logical thinking based upon the operation of laws and principles 
manifest in living things. 

The demonstration method seemed to offer the most economical and 
effective use of much of our laboratory time. We used diagrams, models, 
charts, slides, films and opaque pictures. 

The quizzes which followed these demonstrations proved that the 
students had clear cut ideas of structure and that they were able to discuss 
the adaptations of the forms studied quite intelligently. 

A lantern equipped for slides and opaque projection materials was an 
effective means of acquainting the students with many of the beautiful, 
interesting forms of life. 

The National Geographic Magazine is an excellent supplement to text 
book material. For example, a beautifully illustrated article, “The Life and 
Work of the Honey Bee,” used with the lantern during our study of beneficial 
insects, gave the class in one period a better conception and greater appre- 
ciation of the honey bee than could have been possible in twice that time 
spent in dissection and the study of specimens. 

A film on the life and work of such men as Mendel, Pasteur and 
General Gorgas, conveyed a genuine appreciation of the sacrifices made by 
scientists in their efforts to make the world a better and happier place in 
which to live. 

The care of a set of terraria, a balanced fresh water and salt water 
aquaria stimulated the members of the class to efforts which resulted in 
the establishment of aquaria and terraria in their homes. 

The time saved from individual laboratory work made possible more 
field trips, visits to museums and parks. These excursions encouraged the 
students to make personal collections of insects, flowers, leaves, etc., and 
provided an interest in the study of such topics as seed distribution, forest 
preservation, protection of wild life and other related problems. 

Good models obtained from standard biological dealers helped the 
students to visualize mitosis, root and leaf structures, etc., while the use of 
film strips obtained from the United States Department of Agriculture gave 
adequate conception of plant and animal diseases as they affect our social 
and economic life. 

My experience with this group convinces me that in our present 
crowded high school courses, where we are expected only to reach an 
average, that the lecture demonstration method will accomplish our aims 
better in a single period than is possible in the double laboratory period 
where individual work is required. 
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Derbid Field-days 


C. S. Spooner 
Eastern Illinois State Teachers College, Charleston, Illinois 


A collecting trip in southern Illinois made during the latter part of 
August, 1934, provided me with my most interesting hours in the field. The 
collecting was done in and about a cypress swamp near Wetaug, Pulaski 
County. During the three days of our stay, an astounding number of speci- 
mens of the subfamily, Derbinae, (Homoptera Fulgoridae) were collected. 
These beautiful little insects are usually rather rare and the collecting trip 
that yields eight or ten specimens would be exceptional. On this occasion 
one hundred eighteen specimens, representing nine genera and seventeen 
species, were collected. This experience was so unusual that I thought it 
worth while to report it. 

The swamp is surrounded by more or less wooded areas containing 
oak, hickory, maple, with a scattering of ash. The majority of the specimens 
were taken on hickory and maple. 

The most common species of this group, Apache degeerii Kby., which 
we find generally distributed in oak, hickory forests throughout the State, 
was represented in our collections by nine specimens. 

The genus Otiocerus furnished the most abundant specimens. Four 
species of this genus were taken, wolfii from hickory, the most abundant, 
with 25 specimens; signoretti Fitch, 1 specimen; francilloni Kby., from 
hickory, with 3 specimens; and stolii Kby., 7 specimens from hickory and 
maple. There is a marked sexual dimorphism in this latter species which 
I have not yet seen described in print, although it is generally recognized 
in collections. 

Five specimens of Amaloptera uhleri Van D. were captured from 
hickory. This species is sometimes found on dogwood. A single specimen 
of Amaloptera fitchii Van D. came to the camp lantern at night. Shellenus 
schellenbergii Kby. occurred on ash and six specimens were captured. 

Perhaps the prize of the collection was a specimen of Euklastus, taken 
from maple. This specimen does not quite agree with the description of 
Euklastus harti Metc., but further material is needed before positive 
identification is possible. 

The interesting species Sayiana sayi Ball was represented by two 
specimens taken from maple. Four species of Anotia were taken in con- 
siderable numbers: A. burnetii Fitch (9), A. bonnetii Kirby (4), A. West- 
woodi Fitch (2), A. kirkaldyi Ball (5). Several specimens of this genus 
were also taken which may represent varieties of these species. 

Specimens of Phaciocephalus fulvus Van D. and P. uhleri Ball were 
also captured, as well as a large number of the genus Herpis which have 
not been worked over and which have not been counted in this report. 

From the above list one can appreciate the number and variety of 
these forms and can understand the excitement occasioned by such 
findings. 
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The region was again visited early in August of the following year, 
1935. About an hour was spent in collecting over the same territory, with 
the sole object of collecting these forms. Five species which numbered 18 
specimens were obtained in this short period. The species taken at this 
time, together with the number of each, appear in the following list: 

Apache degeerii Kby. (10) 

Otiocerus stollii Kby. (3) 

Otiocerus francilloni (2) 

Shellenus schellenbergii Kby. (1) 

Anotia bonnetii Kby. (2) 

No sign of the nymphs of any of these forms were found on either of 
these trips. The writer has been unable to find any reference to the nymphs 
in literature. The second trip was made about three weeks earlier than 
the first, in hopes that nymphal forms might be found. The complete absence 
of any nymphs at either date suggests the possibility that they may have 
some other food plant and hence occupy an area apart from that in which the 
adults occur. Such a condition is known in some other members of the 
Fulgoridae; for example, some of the species of Epiptera, whose nymphs 
have been found feeding on decaying logs. The writer hopes to spend some 
days, still earlier in the season, in this region, when further search for 
the nymphal forms may be made. 















Zoology—1937 Meeting 


Another Occurrence of a Fresh Water Medusa 


Mary M. Steagall 
Southern Illinois State Normal University, Carbondale, Illinois 


This medusa was found August 10, 1936, twenty miles from Carbondale, 
in the water supply tank of the State Hospital for the Insane, Anna, Illinois, 
by superintendent of the water works, Mr. Cornelius West. 

During the heat and drought of the summer the State reservoir became 
so low that it was found necessary to secure water from other sources. A 
large spring nearby furnished from 6,000 to 8,000 gallons per day, the 
remainder was secured from the city of Anna water plant. 

Some time after the water had been turned in from these two sources 
the medusa was found occurring in great abundance. Specimens were first 
brought to the authors of this article September 2 by Dr. A. G. Hamilton, 
psychiatrist at the hospital. Other specimens were secured in person during 
the months of September, October and November. There was none found 
after November 12. 

The greatest number of medusa seen was on October 10. The time of 
day they were most active was between 4:00 and 5:00 p. m. The tank 
is exposed to the sun all day. 

So far as we were able to determine, this species corresponds to that 
first found in the United States near Philadelphia and described by (1) Potts 
in 1897, and finally called Craspedacusta ryderi by Fernandus Payne (Jour. 
of Morph., 1924). ’ : 

Craspedacusta ryderi seems to be a very sporadic organism as far as 
its occurrence in the United States is concerned. 

Since Pott’s discovery the organism has been reported by various 
workers as occurring in at least fourteen widely separated localities. 

(2) Garman (’15, ’22, ’25, ’26) in Benson Creek, near Frankfort, 
Kentucky 

(3) Payne (’21, ’24, '25, ’26) in Boss Lake, near Elkhart, Indiana. 

(4) Schmitt (’27) at Great Falis, Virginia (Lauter). 

(5) Hargitt (’27) in Shaw’s lily pond at Washington, D. C. 

(6) Coker (’27) in an artificial pond, Augusta, Georgia. 

(7) Breder (’28) reports the animal in an aquarium tank in New 
York City and comes to the conclusion that they have been introduced into 
the aquarium with water plants brought from Wilmington, North Carolina. 

(8) White (’30) describes and figures a fresh water medusa found 
in Stallworth Lake, near Tuscaloosa, Alabama. 

(9) Brooks (’32) reports the medusa as appearing in the reservoir 
of the Union Switch and Signal Company at Swissvale, Pennsylvania. 

(10 and 11) Osborn and Kraatz (’33) record medusae from Coshocton 
and at Akron, Ohio. 

(12) Aitken (’36) records its occurrence in Iowa. 

During the past year three records of the occurrence of medusae in 
Illinois have been made. 

(13) Van Cleave (’36) in pools at Carmi, and 

(14) Also at Vandalia. 

(15) Steagall and Gersbacher (’36) reported a medusa found in the 
State water tank at Anna, Illinois. 
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There has been much speculation as to the reasons for the sudden 
appearance of the medusa in such widely scattered localities. 

1. That it may have been introduced into these various places by the 
introduction of fish from other localities is a theory which seems to be 
held by many workers, and yet neither the hydroid nor the medusa form 
has been found in any of the localities from which such fish are said to be 
imported. 

2. A second theory is that they may have been transplanted along 
with water lilies or other plants from pool to tank, etc. The fact that the 
great majority of places where the medusa is found are artificial and many 
have water lilies and other vegetation, partially support this theory, yet 
there is not a recorded instance where the medusa existed at the place from 
which the plants were transplanted. 

These theories, however, do not apply to the tank at Anna, since the 
water comes in from each of its three sources through a plant that chlo- 
rinates, limes, treats with aluminum sulphate, and ammonium hydroxide, 
then filters the water through thirty inches of sand and carries it three 
miles by underground pipes into the tank, which stands 16-20 feet above the 
surface of the earth. 

No artificial planting has been done at any of these water sources. The 
State reservoir is a concrete one, the city of Anna supply comes from 400- 
600 feet beneath the rocks and the spring pool has only the vegetation 
of the region. 

The tank itself is devoid of vegetation except for some unicellular algae, 
with a sprinkling of nostoc and oscillatoria. The animal life, too, is slight 
except for the protozoan forms found in all fresh water, water fleas, rotifers, 
a few larvae of diptera, and a school of very small fish identified by Dr. 
Thompson of the Illinois State Natural History Survey as “Lepomis 
cyanellus—Jordan”. Checked by Chris Markus. 

3. A third suggestion as to their origin is that eggs or the hydroid 
form may have been carried from one of these places to the other by some 
migratory bird or wandering water fowl. 

The third possibility seems more probable, since all these stations confine 
themselves to the water courses of Eastern United States, and birds in 
their northern migration from Central and South America or from the 
Honduras and the West Indies migrate either to the northeast along the 
Atlantic Coast or up the Mississippi and its Ohio tributary. Such carriage 
would bring them directly to all these stations. We have specimens taken 
from Gatun Lake, Panama. 

This seems to be the only explanation of the Anna display. Wandering 
migrants have often been seen on and in the tank. Two years ago it was 
visited in the spring by two ducks and one anhinga, that tarried on the 
water several days. - 

The objection to this theory is the birds’ difficulty in carrying the living 
form and the smallness of some of the pools in which they are reported. 
Yet I have seen a migrant water bird or two in a private pool not more 
than thirty square feet in area. 

The tank at Anna is twenty feet deep, with an additional sloping 
bottom of three feet. Its diameter is 120 feet and it has a capacity of two 
million gallons. It was entirely dry five years ago. 

Behavior—Medusa brought from the tank into the laboratory lived 
usually less than a month. Death was evidently due to a combination of 
circumstances. The water content was different, the lack of aeration was 
noticeable, the crowded condition of the aquarium was a poor condition for 
life, but most important of all seemed to be lack of the food element. 
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Experiments were made of leaving them wholly in tank water, then 
water largely tap, and then water from the campus lake. Those in the tap 
water lived about ten days, viability in tank water around fifteen days, but 
with the lake water some lived twenty-five days. 

They were most abundant about the middle of October. October 11 we 
brought into the laboratory many, along with several of the small fish found 
there—one inch in length. Into each of two tanks we placed six to eight 
of the fish. The crowded condition of the aquaria caused the food supply 
to. disappear, and soon we saw the larger medusae had engulfed the tail 
of a fish and were thus riding freely about in the water. The fish suc- 
cumbed in a few days. The medusae fell with it to the sand at the bottom 
still feeding until all the fish disappeared except the eyes. These were 
never eaten. When there was nothing left of the fish except several pairs 
of eyes lying on the sand at the bottom, there were yet a few pulsating 
medusae seeking for more food. All other medusae disappeared long before 
the ones that ate the fish. 

Structures—As far as structures are concerned, we hope to be able 
to offer you something later. All the specimens sectioned were males. They 
showed all types of sperm formation, from the sperm mother cell through 
tetrad division, up to the sperm formation with a distinct head and tail. 
This development apparently goes on as the sperm cell moves outward in 
the gonad. 

As for dehiscence there were evidences of a distinct pore or pores for 
the sperm exit. 

The radial canals were connected directly with the interior of the gonad, 
but not with the stomach. 

The larger otoliths were so hard that they were carried ahead of the 
razor blade when sectioning and fractured the paraffin ribbon. 

Lack of time and living material prevented further detail study of 
structure. 
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